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INTRODUCTION 


I N pri minting this work, the authots acknowledge the principal 
sources, the thousands of eases, and jears of experience at the 
DeCourq Clime The work brings to date our more recent concepts 
of the thyroid gland and us patholop. as well as Us surgical treatment 
It is our aim to present this subject as a composite whole rather than 
as man) unrelated facts 

The th)imd gland is a small organ with large potentialities It is 
mtimatel) connected with our hodil) metabolism dircctH and. through 
metabolism, to the other endocrine factors of the hod) Imbalance 
of one \er) often leads to imbalance of other glands 

We are concerned with both the l»)po and h)pcr functions of the 
th)roid gland To consider it either purcl) medicall) or pure!) sur 
gicallv is not tenable We must consider both aspects of therapeusis, 
especial!) in view of the more recent developments in this field, ie, 
relationship of thiourea and thiouracil to the surgical approach 

We feel that in attempting to cover a subject of man) ramifications, 
it is well not to assume that all readers have a common denominator of 
understanding and definition We believe a brief review of anatomical 
and philological principles to he in order and thus avoid later con 
fusion A consideration of this topic is also not complete without re 
fating the historical background — the development of the subject over 
a period of time 

The section on surgical indications is followed b) the surgical ap 
preach and the reader is given a complete view of us development 
through the )ears, particular!) via the experiences and findings of the 
DeCourq Clime These findings arc the fruit of much mature thinking 
and experience It is therefore hoped that our experiences will be of 
value and, if this be so, then the extensive labors expended in the 
creation of this work arc justified 
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T he great and m notable instances defimtel) rcvolutionar) ad 
\anccs that base been made within the past few jears m the fields 
of th)roid gland pitholog) and therapj would seem to justify the 
evohement of a new and comprchcnsiv c treatise not on!) incorporating 
the various phases of recent propress but also cssijmp a conservative 
and sound evaluation of them The introduction of antithjroid drugs 
constitutes in itself one of the major developments in the lonp and 
complicated history of the treatment of hj perth) roid conditions 
Indeed, some of the pioneer workers with the newer chemotherapeutic 
apents predicted tint th)roidcc(om) for h) perth) rotdism would become 
unneccssar) in most cases Of course, this carl) enthusiasm has been 
proved premature, and the th)rotoxic patient remains primanl) a surpi 
cal problem Nevertheless, the preoperative management of such pa 
tients has been modified and improved preat!) and most pratif)inp!> , 
new methods have been pcncrall) adopted Radio-iodine also has its 
place in the dime — but not as a cure for an) th)roid condition or 
even a satisfactory substitute for roentpen irradiation in the treatment 
of th)roid cancer Radio-iodine would appear most useful in the loca 
tion of aberrant th)roid tissue or metastascs from cancerous plands 
The settmp forth of conservative conclusions — as justified b) present 
evidence — alonp these lines should be wide)) helpful Further, there 
is much that is new and enlightening to the clinician who encounters 
h)poth)ro dism in its varied manifestations, aberrant thjroid tissue, 
adenomatous plands, mtrathoracic th)roids and above all, incipient or 
frank carcinoma of the th)roid In short, th)roid patholog) and surper) 
have of late undergone marked changes which — taken all together 
— sigmf) practicall) a renascence, of vital import to the clinician 
Such considerations have been repeatedly brought to the attention of 
the authors b) colleagues, including both ph)Sicians and surgeons, who 
have pointed out the need for a volume dealing with the newer knowl 
edge of the th)roid gland with special reference to the requirements 
of the clinician and surgeon 

The first suggestion that such a book be written b) us was made b) 

fix] 
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Donald J L)Ie, M D , formerlj of the DeCourc) Clinic and now Prc 
fessor of Opthalmolog) at the University of Cincinnati Medical Schoo 
His encouragement has meant much to us It is also a genuine pleasui 
to acknow ledge our deep gratitude to William McKee Germaine, M D 
Pathologist of the Good Samaritan Hospital, for his guidance and m. 
terial assistance in the preparation of the chapter on Patholog) 

Carroll DeCourq, M D, brother of the senior author, has bee 
an inspiration not onl) in the writing of this book but also throughoi 
our entire surgical career 

Tor their untiring efforts in our behalf we are indebted further t 
Robert Mansfield, M D , whose knowledge and advice were most help 
ful in the work on Surgcr), Embrjologj, and Anatom), to Dr Elbei 
Ruth, Associate Professor of Anatomy at the Universit) of Cincinnal 
Medical School, who renewed the sections on Embr)olog) and Ar 
atomy to our associates of the DeCourcj Clinic Medical and Surgica 
Departments, who assisted in many \va)s, to Miss Wanda Giffin fo 
her excellent secretarial work, in which she was assisted b) Mrs Juli 
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ings were exceptional!) well executed, under the supervision of Mi 
Joseph B Homan, Associate Professor of Medical Art, University o 
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Mr Charles C Thomas and his associates for their counsel and man 
fold aid 


Cincinnati 


The Authors 


CONTENTS 


Dedication v 

Introdi ction ui 

Pri »aci jx 

I Priaiiu* -—St me ical Asprrrs oi Tmftom Dim Ate 3 

H)po function 1 

Hyperfunction 5 

No Distutlxtncc in Function 11 

Summary 12 

II Historical Awns oi thi Tin root Gland -Past and PRrs 

IST— rt'ROPIAN and Ami RICAN II 

III ImPRIOLOO 26 

Clinical Significance of the Embryology of the Thyroid 26 

Comparatise Embryology 2" 

Embryology of the Thyroid in Lower Vertebrates 27 

Embryology of the TIi)roid in Man 30 

Significance of the Ultimobranclna! Bodies 32 

Aberrant (I ctoptc) Thyroid Tome 35 

Distinction Between True and Ialsc Aberrant Thy 

roids 36 

Locations of Aberrant Thyroids 36 

Other Descloprrental Anomalies 38 

Absence of the Thyroid Gland 38 

Absence of One Lobe 38 

Absence of the Isthmus 38 

Congenital Hypertrophy 38 

Pyramidal Process (Lobe) 38 

Anomalies in Relation to the Hyoid Hone 39 

T7iyropIossjf Duct Anomalies iO 

Thyroglossal Cysts and I istulac 40 

IntrathoraciC Goiter 12 

Lingual Thyroid 18 

Literal Aberrant Thyroids 51 

Benign Metastasizing Colloid Goiter 55 

Struma Osaru— Osartan Goiter 56 

I eta! Adenoma 59 

Time of Origin of function of Thyroid 60 

[x.] 



THE THYROI0 GLAND 


Xll 


IV Anatomy Histology, and Cytology of the Thuoid 66 

Gross Anatomy 66 

Weight at Birth 66 

Weight in Adults 67 

Relations «ith Cemcal Tascia and Muscles 68 

Relation to the Parathyroids 69 

Blood Suppl) 69 

Dis isions of the Superior Th) roid Arter) 70 

Inferior Thyroid Arteries 71 

Thyroidea Ima 72 

Arterioles from the Trachea 72 

Periacmar Capillary Network 73 

Veins of the Thyroid Gland 73 

Lymphatics of the Thyroid 74 

None Supply 73 

Histology and Cytology 76 

The Acini 77 

The Acinar Epithelium 78 

Effects of Thyrotropic Hormone 80 

Effects of Thtouracil and Related Substances 80 

Effects of Cold 81 

Intracellular Granules and Cell Inclusions 81 

Mitochondria 81 

Ccntrosomc 81 

Eat Droplets 82 

Golgi Net 82 

Secretion Antecedents 82 

Intrafollicular Colloid 83 

Interfollicular Cells 85 

Interfollicular Epithelial Cells 85 

Nodules in an Otherwise Normal Gland 86 

V Physiological Aspfcts 92 

Physiology of the Thyroid Gland 92 

Secretory Activ ity 92 

Chemical Nature of Thyroid Hormone 92 

Calongenic Action 9 1 

Actions on Growth and Development 95 

Relation of Thyroid Hormone to Food Factors 96 

Influence on Carbohydrate Metabolism 98 

Effects on the Ner\ous System 98 

Effects on the Circulatory System 99 

Hematopoiesis and the Thyroid 99 

Effect on Serum Cholesterol 99 



CONTI MS 


XIII 


Tit) roul Hormone and Water Metabolism 100 

Thyroid Hormone and the Metabolism of Inorganic Salts 100 

Muscular Response to Thjroid Hormone 101 

The Thjroid and the Endocrine System 101 

Relation to the Pituitary 101 

Relation to the Adrenal Cortex 102 

Relation to the Adrenal Medulla 102 

Relation to Sterility and Abortion 102 

Relation to Menstrual Disturbances 103 

Iodine and Th)roid Physiology 101 

Substances Hawng Calorigemc Action 105 

Hjpofimction 106 

Primarj H)poth)roidism 106 

Cretinism 106 

Myxedema 107 

Secondar) Hypothyroidism 109 

Simple Goiter 109 

Nodular Nontoxie Goiter 109 

Hjperfunction 110 

Toxic Goiter 110 

Sjmptoms and Signs 110 

Response to Iodine 1 10 

H) perth) roidism in Pregnane) and Lactation 111 

Regional Influences til 

Great Lakes Region 113 

Mississippi Haim 113 

VI Pharmacology and TmRAprirric AsrrCTS 121 

A— Iodinp Mftapolism and Blood Ionise 121 

Iodine Metabolism as Affected by Iodine Therapy 122 

Significance of Blood Iodine Lcscl 129 

Iodine Metabolism in Relation to Lncf I unction and the Rcti 

ctdocadathciti! System 156 

Iodine Medication in Thyrotoxicosis 142 

B — Thiouracil Propylthiouracil and RfLATrn Drucs is 
Trcatmi st or Thyrotoxicosis H9 

Antithyroid Drugs 149 

Thiourea 150 

Tluouracil 130 

Effects on Animals 150 

Effects in Human Beings 151 

Absorption Distribution and Elimination 151 



XIV 


THE THYROID GLAND 


Thyroid Tissue after TJnouraci! Therapy 152 

Clinical Response to Thiouracil Therapy 153 

Effect of Presious Iodide Therapy 151 

Dosage 1 51 

S)nergistic Agents 155 

Duration of Preoperative Medication 155 

Toxic Effects 156 

Theoretical Possibility of Carcinogenesis 158 

Thiouracil in H) perth) roidism Associated with Function 

ing Metastases of Adenocarcinoma 158 

Thiouracil in Acute Thyroiditis 158 

Th obarbital 159 

6 Isobuytl Thiouracil 160 

Conclusions Suggested by As affable Data 160 

Propylthiouracil for Th) rotoxicosis 161 

C— Radioactive IsoTOprs of JoDiNr— Usr tv Thlrapy of Dif 

fuse Toxic Goiter 166 

Biochemical Investigations 16? 

Tracing Effects of Sulfonamides 169 

Tracing Effects of Goitrogenic Substances 170 

Metabolism of Radio Iodine as Affected by High and Low 
Temperatures 177 

Iodine Metabolism in Graves Disease 177 

Iodine Loss (Excretion) 179 

Analysis of Th)roid Tissue After Operation 179 

Radio Iodine in Childhood H)poth)roidism 180 

Th)roid Carcinoma with Metastasis 182 

Radioactive Iodine Therapy in H) perth) roidism 186 

Preliminary Studies 186 

Dosage 1 88 

Results Obtained with Radioactive Iodine (1 ,5 ° and 1 ,SI ) in 

Graves Disease 190 

Side Effects and Possible Delayed Reactions 193 

Element 85 Eka Iodine 191 

VII Path o loo 201 

Diffuse Non toxic Goiter (Simple Colloid Goiter) 201 

Diffuse Toxic Goiter 20 7 

formation of Nodules 206 

Significance of the Staining Properties of Colloid 207 

Adenomatous Goiter 207 

Relation of Adenomas to Malignanc) 210 

Malignant Tumors 21 i 



CONTENTS 


XV 


Histopathologic*! Classification 214 

Incidence 2 >6 

Incidence and Geographical Region 217 

Age Incidence 217 

Malignant Lesions of Ihc Thyroid Gland in Childhood 218 
Sex Incidence 218 

Incidence of Different Ihstopathological Types 219 

Malignant Adenoma* 220 

Papillary Adenocarcinoma 223 

O'hcr lyp^ 5 of Adenocarcinoma of the Thyroid 226 

Adenocarcinoma Not Originating in Adenoma 226 

Diffuse Adenocarcinoma 227 

Small Round Cell Carcinoma 228 

Scirrhous Carcinoma 229 

Epidermoid Carcinoma 229 

Carcinoma Sarcoma (Giant Cell Carcinoma) 229 

Sarcoma 230 

Operability Measures of 1 reatment and Prognosis 231 

Discrete Adenomas 232 

Operability 232 

Operatise Mortality 236 

Results of Operation 236 

VIII TmRotnms 2 It 

Acute Suppurative Thyroiditis 213 

Acute Nonsuppurative Thyroiditis 215 

Riedel s Struma 247 

Ginical Features 2 18 

Differential Diagnosis 250 

Pathologic Features 251 

Gross Appearance 251 

Histopathologic I catures 251 

Theories of Etiology 252 

Role of Perithyroiditis 254 

Haslumotos Disease (Struma Lymphomatosa) 263 

IX Exophthalmic Goiter 274 

Role of Involuntary Nervous System 274 

The Ocular Signs 276 

Exophthalmos 276 

Signs of Von Graefe Stcllwag and Moebius 276 

The Cause of Tachycardia 278 

Why the Basal Metabolic Rate Is Increased 27 9 

Origin of the Tremor 280 



THE THY ROID GLAND 


Vasomotor Symptoms • 280 

Gist to- 1 ntestinil Symptoms 280 

Symptoms Referable to the Thyroid Gland 281 

X Thf Thyroid Gland in Later Life 284 

Changes in Later Life 286 

Hypometabolism in Later Life 289 

Hypothyroidism in the Elderly Patient 291 

Hyperthyroidism in the Aged 291 

Treatment of Thyrotoxicosis in the Elderly 294 

XI Preopfr vnvE Considerations 300 

Study of the Patient 301 

Other Laboratory Tests 302 

Importance of Experience and Judgment 302 

Differential Diagnosis 303 

Prcoperame Treatment 304 

Rest and Informal Psychotherapy 305 

Diet 306 

Treatment of Complicating Disorders 307 

Cardiac Conditions 307 

Diabetes Mcllitus 307 

Hepatic Insufficiency 307 

Infections 307 

Iodinization 308 

Iodine in Conjunction with Thio Drug 312 

Thio Drug Therapy 314 

Thyroid Crisis 314 

Prerequisites for Thyroidectomy 315 

Prerequisites for Bilateral Thyroidectomy 315 

General Physical and Mental Condition 315 

Gain in Weight 315 

Basal Metabolic Ra e 316 

Resting Pulse Rate 316 

Complicating Disorders 316 

Poor Risk Patients — Unilateral Thyroidectomy 316 

Roentgenotherapy 317 

Blood Pressure in Disturbances of the Thyroid Gland 318 

In Exophthalmic Goiter 318 

Relation of Blood Pressure to Basal Metabolic Rate 319 

Hypertension and Glycosuria 320 

Blood Pressure in Myxedema 321 

The Problem of Goiter Heart 322 



CONTfNTS 


XVII 


XII AMrsTiirstA is Thyroid Suiutm 329 

Int rat radical Anesthesia 331 

Preliminary Sedation 332 

Ancs hcsia in Operations l ollowmg Treatment with Thiouracil 333 
Local Anesthesia 333 

lthcr 331 

! hylenc and Lthcr 333 

Cjdopropane 335 

Intravenous Anesthesia 336 

T rihromethanol in Amylcne Hydrate 337 

Spinal Anesthesia 337 

Carotid Sinus Sjmlrome 338 

Removal of r«cst Mucus 33K 

XIII OrrKATtu OONsrm rations 3(0 

Technique of Bilateral Tlijro dectom) 3 13 

Amount of Gland to Remove 355 

Possible Errors on the Operating Table 358 

Unilateral Thyroidectomy 359 

Removal of Discrete Adenomas 361 

Removal of Mahcnant Adenomas 365 

Removal of An Intrathoraoc Goiter 368 

Substernal Appioach— Tliora ic Approa h 371 

Thyroglossal Rests 372 

Lateral Aberrant Thyroid Tissue 371 

Ligation of Thyroid Arteries 375 

XIV POSTOPERATIVE CARt 382 

Care in the Immediate Postoperative Period 382 

Sedation 383 

Dangers of Ovciscdatton 383 

Iodine Thcrap) 381 

Possible Postoperative Complications 381 

Nausea and Vomiting 381 

Hemorrhage 385 

Infection 383 

Hepatic Difficulties 386 

Congestive Heart I ailurc 386 

Auricular hhttllition and Auricular I lutter 387 

Collection of Mucus 387 

Injur) to the Recurrent Laryngeal Nerves 387 

Other Causes of Laryngeal or Tracheal Obstruction 389 

Thyroid Crisis 390 

Treatment 395 

Parathyroid Tetany 395 



X\ 111 


THE Tin ROID GLAND 


XV POSTOPERATIVE SFQUFLAE 400 

Postoperative H)poth)rordism 100 

Recurrent or Persistent Hyperth) roidism 101 

Causes 402 

Prevention 10 1 

Treatment 408 

Exophthalmos 40.J 

Increased Prominence of the E)es Following Medical and 

Surg/tj} Tteaiment 409 

Marked Exophthalmos and Progressive Exophthalmos lol 

low mg Tli) roidectom) 4 1 1 

Causative Factors in Malignant Exophthalmos 413 

Disturbances of Ocular Muscles It 3 

Importance of Pcriodr Examinations 111 

Rehabilitation 414 

XVI I imjjtr of Thyroid Sum try 418 

Index 125 



Pathology and Surgery 
of 

THYROID DISEASE 
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PREVIEW 

SURGICAL ASPECTS OF THYROID DISEASE 

G lancing over the )ears from the inception of our medical careers 
some thirt) years ago the authors can well visualize the tre 
mendous knowledge amassed concerning the thyroid gland, its diseases, 
and treatment We, at the DeGnurcy Clime, have been fortunate in 
seeing more thin the average number of such cases with a wide variety 
of syndromes 

The various d)scrasias of the th>roid base been recognized for man> 
years but the relationship with the thyroid gland and the mechanism 
responsible have been little understood until fairly recently 

lor instance, the story of goiter goes back to ancient times Tor 
ages before iodine was known even before the Christian era, peoples 
in far spread sections of the world were using the ashes of seaweed 
and sponges, chewing the seaweed and even bathing in seaweed for the 
treatment of * bigneck 

In the sixteenth century I abricus Aquapendente, an Italian anato 
mist and embryologist, described goiter as a disease of the thyroid 
gland The relationship between iodine deficiency and goiter was es 
tabhshed in 1852 by Chatm who compared the iodine content of soil 
and water in goitrous and non goitrous districts It was not until the 
researches of Marine in the 1920 s that any practical application of 
the subject was obtatned Marine succeeded m producing simple goiter 
in animals and man by reducing iodine intake and preventing it by the 
administration of iodine 

So far as we know, the thyroid is a gland of internal secretion whose 
sole function is the secretion and storage of its own hormone Tins 
hormone, which was isolated m 1915 by Kendall, is the iodine-bearing 
ammo acid, thyroxin As the body s demand for the hormone vanes 
and as the body does not provide any other storage, the thyroid gland 
itself must necessarily not only manufacture its hormone but must 
store the reserve Thus, utterly dependent upon its hormonal activity, 
[3] 
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Ifie thyroid gland plays a \ital role in the growth and metabolism of 
the individual 

The structure of the gland is made up of numerous follicles lined 
by epithelium and surrounded by a rich network of capillaries and 
lymphatics The active secretion is stored in the colloid, to be supplied 
b) the bod) according to demand The height of the cells is determined 
by the amount of colloid contained in the acini When the acini have 
little or no colloid, the cells are columnar, when distended, the cells 
are cuboidal The thyroid appears to be capable of functioning at birth 
and under normal circumstances reaches its maximum weight at the 
period of puberty 

Much confusion has arisen vuthm the past years due to differences 
of terminology and classification of the various thyroid dyscrasias 
Even more confusing are the actual misnomers, such as exophthalmic 
goiter w hich may be present tn a patient w tth neither a demonstrable 
goiter nor exophthalmos To m, mind, a simple, concise yet compre 
hensive classification and uniform nomenclature are absolutely essential 
m order to approach an understanding of the subject 

A knowledge of the histopathological changes which occur in the 
diseased gland and correlation of the clinical and pathological findings 
are also essential for a clear conception of thyroid pathology 

Thyroid diseases may be divided on a physiological basis into three 
classifications, those in which there is (1) hypofunction, (2) hyper 
function, and (3) no apparent disturbance in function 

Hv POFUNCTJON 

The diseases due to hypofunction of the thyroid are myxedema and 
cretinism, in which the loss of functioning thyroid tissue is produced 
vAMatV; yyivmivj tVrtvyt.’j vA w.V.vAyi.w -cawje, wvfectoOT. wA ofcttAvaw 
ally by removal at operation Scar tissue generally replaces the normal 
structure of the gland 

Secondary hypothyroidism sometimes occurs in patients with other 
cndocnnopathies but in whom there is lack of adequate stimulation of 
the thyroid Histologically, the gland appears in a resting state with 
fiat or low cuboidal epithelium and colloid 

In these states, stimulation therapy with desiccated thyroid over a 
period of time will generally raise the basal metabolic rate to normal 
with abatement of symptoms 
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HyPIRI UNCTION 

There arc two distinct t)pcs of goiter in which there is h) perfec- 
tion of the thjroid gland The elm cal classification according to no 
mendature suggested b) the Committee on Classification of the Amer- 
ican Association for the Stud) of Goiter is (1) toxic diffuse goiter, 
and (2) toxic nodular goiter 

The toxic diffuse goiter is the so-called exophthalmic or h)perplastic 
goiter Ever) physician l nows the sjmptoms — increased metalolic 
rate, tach)cardia, with greatly increased pulse rate; loss of weight 





Tig I (x 160) HjperplJiia, diffuse type (Graves disease) 

with corresponding loss of ph)Sical strength, nervousness and emo- 
tional instabilit), tremor, th)roid enlargement, and flushing of the 
skin 

The toxic 5)mptoms of the nodular goiter are \er) much the same 
except that the y are less marked m degree The extreme emotional 
instability peculiar to toxic diffuse goiter and exophthalmos are not 
present The principal difference lies m that the patient with toxic 
diffuse goiter evidences goiter and th)rotoxic s)mptoms simultaneously. 
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whereas the patient with toxic nodular goiter will show th>rotoxic 
symptoms years after the onset of the goiter 

The cause of toxic goiter is not known, although it is associated 
with overproduction of hormone Most of the symptoms, however, 
may be explained on the basis of an imbalanced sympathetic nervous 
system subjected to the action of some circulating sympathomimetic 
toxin Exophthalmos and the other ocular symptoms are due to stimu 
latton of the sympathetic fibers by which the orbitahs and Mullerian 
muscles are innenated Tachycardia results from stimulation of the 
cardioaccelerator centers in the cervical sympathetic ganglia The in 
creased basal metabolic rate seems to be due to two factors namely, 
increased aeration in the lungs resulting from dilatation of the bron 
dual tubes and a direct effect from the hormone of the thyroid gland 
The tremor is produced by irritation of the sympathetic nene fibers 
distributed to all \oIuntary muscles 

lormerly we heard a great deal about the mtermittcncy of the 
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I ip 3 (x H>0) Noduhr hjperpljsu, with rcstorjpe and ovcritouge of colloid 


symptoms of hyperthyroidism The authors, however, have not been 
able to discern this unless, of course, the intcrmittcnc) is brought about 
bv a prolonged rest or medication 

Toxic diffuse goiter is quite comironlj uniform in outline, whereas 
toxic nodular goiter is gencrall) bosselated Microscopicall), toxic 
diffuse goiter shows proliferation or hyperplasia There arc papillary 
projections into the acini, decrease m the amount of colloid and in the 
iodine content and there is often increase in the lymphoid tissue be* 
tween the follicles 

In toxic nodular goiter, there is usual!) no definite h)perplasia 
The goiter is commonl) of long standing and various degenerative 
changes maj occur These consist of thick bands of scar tissue, colloid 
degeneration, hemorrhage and formation of cartilage and bone 

In toxic nodular goiter, surgical enucleation of the affected portion 
of the gland is usually curative Operation should be performed soon 
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after recognition of the condition to prevent damage to the heart 
Operate e mortality is \er) low and recurrence infrequent 

Subtotal thjroidectomj is indicated in toxic diffuse goiter with ade- 
quate preoperative and postoperative treatment We do not believe 
that the thjroidectomj ^itself affects a cure but that it merelj lessens 
the toxicity to a point where it becomes tolerable until nature can 
establish normal function In other words, subtotal thj roidectomj 
provides a quantitative cure rather than a qualitative one Toxic diffuse 
goiter has a tendency to cure itself and it is our opinion that it could 
do so if the host did not die first 

It is true that degenerative changes sometimes supervene in glands 
which have become quiescent Tins usually occurs in later life and is 
manifested b) mjocardial changes without hjperthjroidism The onlj 
apparent findings are fibrillation and palpable sjmmetrical enlargement 
of the thjroid gland The basal metabolic rate maj be normal or even 
subnormal and the patient more or less apathetic Subtotal thjroidec- 



l '£ 4 (x 160) Hjperplasnc thjrottj, Graves tjpe, exhausted 
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tom) not onl) allows flic heart to return to normal but increases the 
vitality of these patients 

It is in the toxic diffuse goiter that administration of iodine pm 
duces such dramatic results Lugol s solution ten drops three times 
dail) will iffeit a reduction of the basal metabolic rate as much as 
three points dail), dimmish lath) card 11 and allow the patient who has 
been losing weight to gain 

In order to get the most Lcncfit from iodine treatment, // is tm 
portant to tnou hou it acts in these cases As the effect of iodine is 
transitory, it should not lie given over long periods Otherwise, the 
p3ticnt becomes iodine fast and the toxicit) returns When tins occurs, 
even after time has elapsed during which no iodine is given, a second 
course of treatment seldom provides as favorable results 

An explanation of the transient action of iodine, it is our belief, lies 
in the changes occurring m the gland In the toxic diffuse goiter, the 
th>roid gland is depleted of iodine and colloid When iodine is ad 
ministered, stasis is produced with distention of the acini with colloid 
which in turn exerts pressure against the surrounding vessels and 
secreting cells Thus there is a mechanical block preventing the secre 
tion from getting into the general circulation and suppressing the 
secretion of the cells After a few weeks, however, the cells accommo 
date themselves to the increased pressure and secretion is again carried 
into the circulation with renewal of toxic manifestations It is at this 
point that the patient is considered iodine fast 

Surgery for diffuse toxic goiter should net er be attempted at this 
stage Either the patient must be given a vacation from iodine and then 
rciodizcd at a later date or the operation must be performed in 2 or 
more stages Tins is not so important in dealing with the toxic nodular 
goiter, as hv pc rset ret ion does not pla) such an important role 

It would be well for the th)ioid surgeon to emphasize upon lus 
mind these tu o important factors in thyroid surgery ‘(1)1 oxicit) ma> 
be present with normal or subnormal basal metabolic rate (2) The 
proper use of iodine is imperative 

Adequate preparation must be instituted to bring the patient up to 
his optimum physically and mentall) before surger) is cmplojcd 
1 hyroidcctom) is never an emergenc) operation and should be carried 
out onl) when the condition of the patient justifies it Postoperative 
crises usual!) mean inadequate preparation The most important factors 
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to be considered are physical rest, mental rest, which includes freedom 
from anxiet) and other emotional disturbances and strains, appro 
priatc sedation, when required, diet containing 5 000 calories per daj , 
and the proper administration of iodine 

Tor well o'er a decade, all goiter patients at the DeCourq Clinic 
have received ten minims of Lugol s solution 3 times dail) for 2 to 4 
weeks prior to operation as a matter of routine 

The incidence of recurrent th>rotoxicosis following removal of 
toxic diffuse goiter has been reported as high as 25 per cent We have 
been able to maintain a recurrent rate of less than one per cent in several 
thousands of cases Tins we attribute to 2 specific procedures which 
we employ routinelj Tirst, there is adequate removal of the gland 
We have found b) experience that it is necessar) to remove at least 
four fifths of each lobe together with the isthmus and pjramidal lobe 
Secondl) we have found tint the administration of one half grain of 
desiccated th)roid extract twice a di) for a period of at least a )ear 
will maintain the basal metabolic rate within normal limits and pre 
vent recurrence 

It would appear that the tlqroid extract preserves the involution 
which was obtained prior to the operation with iodine If a permanent 
involution can be brought about in this vva), we shall have gone a long 
way toward preventing recurrence 

The postoperntn e admnustr it ion of iodine seems to ns to be n 
useless gesture As we have shown iodine does not alter the hjper 
plasta Since the portion of the gland remaining after thj roidectomy is 
still hjpcrplastic, iodine will not affect it 

Although non toxic diffuse goiter and non toxic nodular goiter are 
generall) classified as th)roid djscrasias with no disturbance in func 
tion vve arc of the opinion th3t the) arc precursors to the toxic stage 
Non toxic diffuse goiter is the adolescent or colloid goiter of earl) 
adult life It is characterized by a s)mmetrical enlargement of the 
th)roid with no clinical manifestations Histological l), it presents a 
normal appearing group of acini or alveoli greatl) distended with 
colloid It has a tendenq to respond to treatment with tlqroid extract 
or iodine The authors have found desiccated th)roid extract one grain 
dail) to be the preferred treatment Iodine treatment has frequent!) 
resulted in bossclations Tins has never occurred when th)roid extract 
was used 
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The fact that there is regression does not ncccssanl) mean that 
there will be no recurrence Microscopic examination of a large mim 
bee of these tli) coids has frequently rescaled a beginning hyperplasia 
which has led us to believe that it may 1 c a precursor of toxic diffuse 
goiter in man) instances Then too it has been demonstrated that histo 
loutall) i on toxic diffuse goiter presents the same reaction to iodine as 
toxic diffuse goiter 

It has been said that 1 out of 5 nodular goners Lecomc toxic It is 
questionable to the authors whether or not all nodular goiters art not 
toxic and the toxicit) is not recognized The goitrous condition gen 
crall) exists for years apparent!) quiescent It is not until discover) of 
fibrillation of m)ocardia! damage that the toxicit) is recognized Ln 
uclcation of the nodules is gcncrall) advisable 

No Disturiianci in I unction 

The tlnroid gland is also susceptible to the morbid changes to 
which tissues and organs in general fall heir i c inflammation con 
gcstion and neoplastic disease 

7 / j widths although rare docs occur in acute subacute and 
chronic form and ma) Lc due to infection with an) organism It maj 
be primar) to the th)rotd or follow infection of the teeth throat or 
upper respiratory tract The condition ma) subside spontaneous!) or 
it ma) become suppurative Txtensivc involvement ma) cause some 
destruction of the gland with resulting h)poth)roidism 

Although Riedel f strum a is considered b) man) as a chronic form 
of (h)roiditiS the authors feel that it is the result of a previous peri 
thyroiditis which causes a partial constriction of the vessels entering the 
thyroid gland As a result of the perithyroiditis the fibrous growth 
characteristic of the disease begins outside of the gland rather than 
within the thyroid proper Histological evidence indicates that as i 
sequel to perithyroiditis and its complications there results a partial 
occlusion of the blood vessels entering the gland with subsequent for 
mation of the fibrous tissue characteristic of Riedel s struma Thus we 
believe that Riedel s struma is a vascular rather than a glandular con 
dition Treatment is subtotal thyroidectomy with removal of the mass 

HtshmoU s disc tse formerly etilogically associated with Riedels 
struma by some authors is now quite generally recognized as a sep 
ante syndrome Chrome lymphoid thyroiditis (Hashimoto) is charac 
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terizcd b) diffuse 3nd extensive lymphatic infiltration, while in Riedel s 
disease the regional lymph nodes remain uninvolved Though other 
symptoms are somewhat similar, in Hashimotos disease the enlarge 
ment is bilateral in contrast to the usual in\o!\cment of one lobe in 
Riedels Hashimotos disease usually occurs in women o\cr fort), 
whereas the incidence is fairl) equally divided between the sexes in 
Riedel s struma In Hashimotos disease, the thyroid is less fixed and 
much less adherent thin in fibrous thyroiditis Histologically, it shows 
numerous areas of lymphoid tissue with germinal centers and a few 
muhinucleat giant cells Surgery with subtotal thyroidectomy is indi 
cated 

The only truly benign tumor of the thy roid is the fetal adenoma, 
which develops from a single nodule and is merely attached to the 
thyroid gland Usually it does not become large enough to attract the 
attention of the patient before adult life As the tumor grows older, 
it tends to undergo degeneration with production of toxicity Its re 
moval terminates the disease, unless operation has been deferred until 
constitutional damage has been caused There is a tendency for these 
tumors to become malignant and for this reason alone they should be 
removed 

Most of the malignant tumors of the thyroid are epithelial in origin, 
arising in most instances from a preexisting adenoma, although they 
have been known to develop in toxic diffuse goiter There is rapid 
metastasis, most frequently to the lymph nodes, mediastinum, lungs 
and bones The metastatic lesions are often discovered before the pres 
ence of a primary growth is expected 

The possibility of primary cancer must be considered in every case 
of nodular goiter It is unfortunate that no sign is pathognomonic and 
clmical recognition at an early stage is not always possible 

In all cases in which the tumor does not extend through the capsule 
of the gland or no distant metastasis can be perceived total removal 
of the tumor mass is advisable, followed by x ray treatment for the 
prevention of recurrence 

Summary 

An attempt has been made to give a r£sum£ of the diseases of the 
thyroid gland emph istztng the importance of uniform nomenclature 
and classification, the / tstolog) of the normal gland, the changes occur 
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ring tn diseases and the correlation of the clinical and pathological find 
mgs These will be enlarged upon throughout the book 

The diseases base been classified on the basis of function Those of 
hypnf unction, namclj myxedema, cretinism, and secondar) h)poth) 
roidtsm, arc medical entities responding to substitution and stimulation 
therap) Those of hyperfmntion, name!) toxic diffuse goiter and toxic 
nodular goiter, require surger), that is, subtotal th)ro(dectom) Those 
of potential hjperfunction, mmel) non toxic diffuse goiter and non 
toxic nodular goiter, respond to thyroid and iodine medication and to 
surger), rcspectncl) Among the d>scra$ia$ in which there is no dis 
turbance in function arc the inflammations, acute, subacute and chronic 
thjroiditis (Hashimotos disease), Riedels struma, which is a \ascu 
lar disease the result of a precious pcnth)roidms, fetal adenoma and 
the malignant tumors Th)roiditis, acute and subacute, is treated like 
other infections Surger) is indicated in the other conditions The 
newer medications, such as thiouracil and thiourea and also radio 
actise iodine, will be discussed in relation to the medical and surgical 
treatment of goiter 
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HISTORICAL ASPECTS OF THE THYROID 
GLAND— PAST AND PRESENT— 
EUROPEAN AND AMERICAN 

P ROBAM.Y because of its high visibility when enlarged, the tltyroid 
gland has been subjected for centuries to so much preliminary dis 
cussion and later investigation that a mountain of literature on the 
topic has arisen Space permits us to present but a brief account of 
salient historical aspects Reference will be made to classical papers of 
the past and also to most recent American and European contributions 
Scientists believe that there is some merit in the method of forming a 
modern conception of a scientific subject by following the pathways 
blazed by the masters of the past 1 

Two millennia ago, Juvenal (60 140 AD) revealed in his Xlllth 
Satire that the thyroid was a structure familiar to the ancient Greeks 
and Romans when he wrote Quts tunnJum guilur mnatur tn Alp thus 
— Who wonders at goiter tn the Alps’’ Pliny the Elder (23 79 
AD) showed that the Swiss endemic disease was even then quite fa* 
miliar This premodern period in the development of our knowledge 
of the thyroid docs not go far beyond simple recognition of the exist 
ence of the gland and a few empirical observations regarding it 
The Romans did know that the gland swelled at critical periods in the 
sex life of women, and they made a practice of measuring the necks 
of brides as a test of prenuptial virginity In this connection — since 
most of the information regarding the thyroid, up to and through the 
eighteenth century, deals mainly with descriptions of endemic goiter — 
it is interesting to note that the Madonnas of the old Dutch, German 
and Italian painters (fifteenth to sixteenth centuries) often reveal thy 
roid enlargement 

Claudius Galen (A D 138 201) had described the thyroid gland 
in his De Voce, and he had believed that it provided a lubricating fluid 
to the larynx and its cartilages to facilitate speech, — a theory that was 

’ Jimrt I! Mein* »n t EJ» jrJ P RKhirJwn The DugHoin mhJ Trejlmtnt of 
Dtttjtei of the ThyoiJ (New ^ ml Oxford Lmrrflity Pr«» 1929 1918), p ? 
f»4) 
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long accepted bj eminent scientists (e g , Malpighi) of the seventeenth 
cent uf) In the course of epochs, others held theories that the th)roid 
was treated to round out the neck in beautiful contours, to keep the 
throat warm, to protect the vocal chords, or to serve a mjsterious pur 
pose on!) during the prenatal stage of existence 3 

No attention was paid to Galen’s description until the Renaissance 
anatomist, Vesalius (1543). gave a fuller account Fustachius 
(1552) applied the name isthmus to the part connecting the two lobes 
Casserio (1601), also, like Vesalius, professor of anatom) at Padua, 
considered it a single organ in two parts, without an excretor) duct 
Wharton (1656) accuratel) delineated its location, size and weight, 
in addition to assigning to it the name ih)rotd meaning ’ shield shaped 
in Greek He came quite near guessing that this gland secretes some 
substance to the circulating blood De Rordeu (1776) set the stage 
for a thcof) of internal secretion with his doctrine that ever) gland, and 
even ever) organ of the lod) manufactures a specific secretion which 
enters the blood stream to produce a wholesome integration through 
out the bod) 

Turning to the more important items from historical English Amcr 
lean and I tench literature, we find that Prosser (1769) described a 
Derb) neck , Mosclc) (1800) spoke of the Alpine brondiocele 
The latter believed the cause to be human exposure to ic) weather en 
tenng towns during warm seasons The older literature favored the 
term brotichocele for goiter, although tr lcheucele would have been 
more accurate Ilarton (1800) ascribed to marshes the condition pre 
vailing among the Oneida Indians of New York In 1800 Fod6rc 
termed goiter a relativcl) painless tumor of the th)roid, most fre 
quentl) to be found in the inhabitants of Alpine vallc)S He main 
tamed that each little gram of the gland contained a juice which is 
greatl) increased in engorgement, and that stagnation of this tumor 
leads to goiter — a notion not far from the truth as we know it 

It was the recognition of the effects of th)roid underfunction, as in 
endemic cretinism, rather than of ovcrfunction, as in exophthalmic 
goiter, that enabled the true function and ph)siolog) of the th)rotd to 
be first understood 

Although the Chinese emplo)ed the feeding of sheep's th) raids 

*R G Hakim Cj tJocnnolox* Tte CljnJi anJ That T unciioni (New V i rk 
VC \X Norton fc Company IJMlj P <53 
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for cretinism as earl) as the sixth century AD (and the practice is 
observed toda) in Qima), substitution therap) advanced rapidl) on!) 
after 1890 Meanwhile observations during each centur) were ripe 
Roger of Palermo (1180) taught that the ashes of sponges and sea 
weed contain something that benefits goiter In the sixteenth century, 
Paracelsus (1493 1541) noted the prevalence of goiter m the Duchy 
of Salzburg and, in agreement with modern writers, attributed it to 
the defective mineral content of the drinking water He was shrewd 
to observe that endemic goiter coexisted in the same locality with 
cretinism or myxedema and that goiter is often associated with 
idiocy 8 Coindet (1820) had noted that dried sponge contained iodine 
and was successful in treating goiter Ch3tin, from 1850 to 1860, 
carried out some of the first scientific investigations into the relationship 
between iodine and goiter, he showed that the iodine content of the 
soil water and air of goitrous districts was very low, all attributing 
thyroid enlargement to this deficiency, recommended iodine admimstra 
tion as a preventive 

Simultaneously, research was going forward on cretinism In 1848, 
Norris reported many cases of cretinism in a goitrous village of England 
and drew the opinion that the disease in question is not only accom 
pamed but in some measure caused by the presence of goiter The 
clinical picture of cretinism coinciding with endemic goiter was now 
becoming clearer in other regions apart from the Alpines Curling 
(1850) revealed to the London Royal Society that he had found no 
trace of the thyroid gland at the autopsies of two sporadic cretins 
Iagge (1871) made an excellent contribution to our knowledge of 
hypothyroidism by reporting four cases of sporadic cretinism which 
resembled endemic cretinism except for the constant absence of goiter 
He reiterated that in the endemic form there is goiter., in the sporadic, 
absence of the thyroid body 

The first report of adult myxedema was written by Gull (1871), 
and this syndrome of adult cretinism or myxedema ( mucoid swell 
mg as it was named by Ord) is still often termed Gulls disease 
Ord (1880) made the first of rare autopsies on the disease 

The problem of thyroid function continued to occupy so much 
thought that Horsley (1892) was able to gather ten theories regarding 

' Humphry Djvjt R llcium 7 "f>t Etjotnte Orgjti m HtSltb atJ Dntjie IT ith At 
Hi 10’tfjl knuu (IrniJm Oxford Ln tenitjr Pros 19^6) p 158 
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function, starting si ith those of Wharton King ( 1836) made the keen 
observation that the high vascularity of the thyroid could not be dc 
stqned sold) for its own nourishment His statements almost approach 
the modern concept that the gland secretes a th) roxm directly into the 
blood for the existence of the entire body Cooper (1836) made the 
fust extirpations of the thyroid m puppies in order to determine its 
function by observing the effects of its removal Ilut SchifT (1859) 
demonstrated for the first time that hypothyroid symptoms mat follow 
in animals vs hose thyroids arc extirpated Zesas (1881) later con 
firmed Sduff Schiff had undertaken Ins work at Geneva, and it was 
also in the goitrous regions of Ssvitzcrland that human thyroid surgery 
was developed Both Reverdut (1882) and Kochcr (1883) claimed 
credit for noticing postoperative hypothyroid symptoms Kochcr re 
marked that there was an obvious close relationship between a syn 
drome simitar to myxoedema (cachexia strumiprisa) and idiocy and 
cretinism 

In 1881, Schiff, using the antisepsis developed by Lister, again 
attacked the problem of thyroidectomy and found it was nonfatal in 
rats, but fatal in dogs and cats He first successfully used substitution 
therapy by introducing into the abdominal cavity tbvroid from another 
animat of the same species, a process which lessens the danger of 
thyroidectomy In 1885, Horsley performed a complete thyroidectomy 
in monkeys to obtain a good imitation of human myxedema or 
cachexia strumipriva This suggested that the human disorder was due 
to lack of thyroid 

Koclier s discoveries had stimulated research to such an extent that 
in 1883 the London Clinical Society appointed a committee (including 
Ord and Horsley) to investigate the entire topic of myxedema In 
1888, the committee based its monograph on 109 clinical cases and on 
Horsley s work The series shows that the only common lesion is 
atrophy of the thy roid Most of the committee s general conclusions 
have stood the test of time, namely, that myxedema is a well defined 
disease probably identical with sporadic cretinism and cachexia strumi 
priva, closely related to endemic cretinism and due to a loss of function 
of the thyroid organ Gley (1891) revealed that when the parathyroids 
are also removed, then only do the nervous phenomena occur Tins 
helped to clarify the distinction between thyroid and parathyroid 
glands 



18 


THE Tin ROJD GLAND 


Substitution therapy was coming to the front Bettencourt and 
Serrano (1890) relieved symptoms b) grafting half a sheeps thyroid 
under each breast In 1891, Vassale presented cachexia strumiprna in 
dogs after complete thyroidectomy b) the intravenous injection of an 
extract of their own th)roids Murray (1891) first employed success 
fully a glycerine extract of sheep s thyroids for the relief of myxedema 
In 1892, two independent workers, Mackenzie and Tox, discovered that 
oral administration of thyroid constitutes an acceptable substitution 
therapy for myxedema 

Concerning the nature of the thyroid s active ingredient, Baumann 
(1896) discovered that iodine in firm organic combination is a normal 
constituent of the gland tissue, subject to an increased concentration 
upon the further ingestion of iodine Marine ( 1907) demonstrated that 
iodine is essential for the normal function of the gl3nd Hence, he 
regarded endemic goiter as a deficiency in iodine In 1915, Kendall 
accomplished the brilliant feat of isolating the crystalline form of 
iodine from the thyroid In 1917, he gave this hormone the name of 
tbyroxm from selected letters of its chemical formula It is still dis 
puted whether this material represents the true thyroid hormone 

It was now obvious that the true and only function of the endocrine 
thyroid gland was to synthesize this iodine hormone and secrete it 
directly into the blood Today, normal and pathological physiology of 
the thyroid revolves around the action of thyroxin on the body and 
the factors which control its synthesis 

To complete our historical survey, we must trace the threads in the 
development of knowledge concerning hyperthyroidism, or exophthal 
mic goiter It is strange that only simple goiters were known from 
antiquity to the nineteenth century, the striking syndrome of exophthal- 
mic goiter being unrecognized 

In 1802, the pioneer Flajam examined a young Spaniard with a 
tumor tn the neck, which he recognized as thyroid Continuous 
dyspnoea, violent heart action, and swollen varicose like veins over 
this goiter were thus demonstrated to the world as some major mam 
fcstations of the exophthalmic goiter syndrome The period of dis 
cover) was now on Parry (1815, 1825) went on to give more com 
plete and clearer descriptions of the syndrome based on several cases, 
omitting only the other important signs of tremor, sensation of warmth, 
and increased appetite Great as his powers of observation were, 
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nevertheless he deduced wrongl) the thjroid s function Graves (1855, 
1838) emphasized the eje signs onlj in the fourth of his female cases 
He believed the heart affection to be purclj functional Mote detailed 
items were reported from four eases bj Von Basedow (1810), who is 
credited for the most complete description of the times He made a 
differential diagnosis from other types of eje diseases, and stated that 
iodine was a helpful drug for goiter Exophthalmic goiter, thus, is 
various!) termed in different countries after Flajam, Parr), Graves, or 
Von Basedow, — who constitute the first period of discover) 

Almost all the s)mptoms with which we arc familiar nowaday 
were recognized in a second period of discover) Von Grafe (186-1) 
described the so-called lid lag I ilehne (1879) seems to have been the 
first to attempt an experimental causation of the disease in rabbits b> 
cauterizing part of the corpora rcstiformia in the brain Charcot ( 1885) 
practical!) confirmed Marie (1883) in his recognition that tremor is a 
constant sign in exophthalmic goiter Marie also described urinar) 
signs, diarrhea, sweating, morbid appetite, angina pectoris, taih) 
cardia, and skin disorders Mocbius (1886) discovered the insufficienc) 
of convergence known as his sign 

There entered a third period devoted to the development of the 
modern theories of the morbid ph)Sio!og) of exophthalmic goiter 
Mocbius (1891) developed the th)roto\ic thcor) Although earlier 
French investigators had called it primartl) a disorder of the nervous 
s>stem, Moebius disagreed with this view, and held that Basedow s 
disease is related to an excessive function of the thjroid gland Muller 
(1893) based his stud) of metabolic anomalies on clinical and post 
mortem examinations of cases, to discover an increased rate of protein 
metabolism, and an increased consumption of food combined with loss 
ol weight He concluded that exophthalmic goiter required lor its pro 
duction an hereditar) neuropathic disposition plus a disorder of the 
th)roid Magnus Lev) (1895) confirmed Mullers view b) showing 
that total catabolism is increased above normal not onl) m exophthal 
mtc goiter but also in normal persons on the ingestion of th> roid ex 
tract, the converse being true in m)xcdema Thus, Muller and Magnus 
Lev') opened a wide field for further stud) of the understanding of the 
th)rotd hormone in metabolism regulation 

Modern work on exophthalmic goiter advanced rapid!) during 
1900 to 1930 Cannon et al (1914) experimented on cats to produce 
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a syndrome similar somewhat to exophthalmic goiter The nerves he 
fused probably hooked up through the pituitary, for today similar 
results can be obtained by means of anterior lobe extracts Plummer 
(1921) claimed that the physiologic function of the thyroid hormone 
is that of a catalytic agent accelerating oxidative processes in all tissue 
cells Later studies by individuals have confirmed his claim of catalysis 
In 1923, he proved that iodine has a characteristic effect in the disease 
to lower the metabolic rate and improve the symptoms In this sense 
he greatly influenced modern management of toxic goiter Aub et al 
(1927) showed that calcium and phosphorus metabolism in thyro 
toxicosis arc increased, while a decrease results in myxedema 

bringing our survey of the thyroid gland up to the moment, we list 
a few major contributions that have resulted from the sea of research 
during the list two decades Abelm (1932) has advised a diet rich in 
vitamins for it appears that vitamin A antagonizes thyroxin during an 
exophthalmic goiter, Wohl ( 1932 1936) has particularly directed at 
tcntion toward cases that successfully masquerade as other entities with 
little to call attention to the underlying thyrotoxic substance, Zondek 
(1935) has reiterated in his monograph that endemic and sporadic 
cretinism arc quite distinct, the latter being simply congenital myx 
oedema, the former being closely related to endemic goiter, Marine 
(1935) recapitulated the importance of the interrelations of the thy 
roid with other organs Loth of internal and of external secretion, but 
has added that as to our knowledge in this field only a good beginning 
has been made He feels that thyroxin appears to be the active part 
of the thyroglobulin molecule secreted, Bartels and Perkin (1937) 
have shown that liver function is disturbed more often than has been 
commonly believed, and finally, the Study Committee on Endemic 
Goiter of the American Public Health Association has reported at its 
initial meeting that today iodine prophylaxis against goiter is most 
widely recognized, while iodized salt is used throughout the entire 
United States, and even in the Philippines, — a most beneficial outcome 
of Marine s investigations * 

At the present date, the discovery, experimental development and 
clinical application to hyperthyroidism of the drug tbtouran! is bring 

•Council on F and Nutrition HjnJtoak of N* Iriltoa a Sypiponom (Chicjcn 
Awrnan McJ cil A" <uli m 1911) p 1 12 
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ini’ great hope that at last the disease may be controlled b) medical 
treatment Newman, reviewing the literature up to 1915 in order 
to assess the future rank of the drug in therapy, finds that there 
is some dissatisfaction with previous methods of treatment b) 
iodine therapy or thyroidectomy Before the discoiery of the 
new drug, substances which produce goiters amenable to iodine 
administration were already known, but a new group of substances 
whose action was not abolished by iodine administration began to 
come under observation While testing the antibacterial effects of 
sulfonamides on rats, the Mackenzies (1911) found incidentally tbit 
there was great enlargement of the thyroid glands Their subsequent 
investigation, in 1913, showed that sulfonamides and thiourea com 
pounds all produced lowering of the basal metabolic rate and enlarge- 
ment of the gland with loss of colloid The effects on the thyroid 
gland were abolished by thyroxin administration, but not by giving 
iodine Astwood (1913) finally selected thiotiraci! for clinical use in 
the treatment of hyperthyroidism Theorists postulated that thiouracil 
interferes with the manufacture of thyroid hormone by the gland, this 
diminution of secretion then eliciting an increased output of pituitary 
thyrotropic hormone which stimulates an enlargement of the thyroid 
gland It was found that a thiouracil treated gland shows marked 
inability to utilize injections of radioactive iodine, m hyperthyroidism 
the level of protein bound iodine, with which basal heat production is 
correlated, is elevated, but after treatment with thiouracil the level 
falls Numerous experiments are still in progress to determine more 
clinical and physiological reactions of thiouracil — for inhibition of 
function in an endocrine gland by the administration of chemical com 
pounds is a new field of investigation in the history of endocrinology 
A final glance at other problems concerning the thyroid reveals that 
recent research fairly bristles with thought provoking questions Is 
thyroid disease an clement responsible for behavior problems in chil 
dren’ Shall psychotherapy be made a major factor in the treatment of 
exophthalmic goiter’ What part has the thyroid played in evolution 
and m the intellectual progress of various races’ What function does 
the thyroid gland have m the slowing down of age’ Will more re 
fincments in operative technique completely abolish the present low 
mortality rate’ Is there any significant relationship between the hor 



22 


THE THYROID GLAND 


mone and a vitamm control 5 Do the immunity processes of the bod) 
depend somewhat upon the thyroxin secretion 5 

The secret of the th)roid gland would seem to lie in a further 
understanding of its biological, pathological, and surgical aspects 
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CHAPTER III 


EMBRYOLOGY 

Clinical Significance of the Embryology 
of the Thyroid 

T he embryology of the thyroid gland provides a basis for the 
logical classification and clear understanding of many pathological 
conditions encountered in the clinic Thus, embryological studies ex 
tending through more than fifty years have important bearing on the 
problem of the potentially malignant nature of aberrant thyroids in 
general and lateral aberrant thyroids m particular, as recent investiga 
tions emphasize 

Developmental anomalies of the thyroid in relation to the hyoid 
bone and to the persistence of various portions of the thyroglossal 
tract are of the utmost importance to the surgeon, and precise knowl 
edge of the possibilities invariably facilitates optimal treatment and 
indicates just what cases should be followed with the greatest care 
postoperatively in view of the probabilities of recurrence of thyroid 
tissue lesions 

U any one concept from this vast tfei'cf may fee absented’ as out 
Standingly significant among innumerable vital considerations, we be 
lieve that it must be the realization of the capacity of thyroid tissue to 
establish and maintain independent growth outside the definitive thy 
roid gland Certainly no other tissue presents more or greater problems 
of growth extension, occurrence of ectopic masses and embryonic rests, 
and dev elopment of malignancy by structures apparently mdistmguish 
able, in many instances, from so called benign growths in normal or 
abnormal locations Furthermore, the capacity of aberrant thyroids to 
become functional, increases conspicuously the scope of the clinical 
considerations involved and gives them certain unique aspects 
[ 26 ) 
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Comparative Embr\ologv 

In terms of comparative embryology, the thyroid gland is an un 
paired derivative of the primitive phar>ngeal floor The gland is a direct 
descendant of the endostyle organ which is present as a ventral rnidlme 
outpocketmg of the pharyngeal region in the most primitive chordates 
the tumcates, amphtoxus and ammocoetes The endosty le organ is not 
found in chordates higher than the cyclostomes because of the evolu 
tionar) changes that have transformed it from a gland of external se- 
cretion into a gland of internal secretion The endosty le or ancestral 
form of the gland in the lowest chordates is an important digestive 
gland, a dependency of the esophagus Nevertheless, evolutionary 
change to endocrine function still leaves the altered glandular tissue — 
the evolv ed thyroid — w ith profound influences over digestiv e processes 
and nutrition in general Thus, evolutionary embryology emphasizes the 
anciently established participation of the gland in physiology at pro 
found or basic levels thyroid hormone having vital effects on human 
basal metabolism and probably all other phases of nutrition 

Embryology of the Thyroid in Lower Vertebrates 
In the lower vertebrates — fishes, amphibians and reptiles — the 
thyroid gland definitely originates from a single median ventral in 
v agination of the pharyngeal entoderm in the region just in front of 
the first branchial cleft Remak stated that in birds also the gland arises 
similarly, from an unpaired median invagination of the pharyngeal 
epithelium in the neighborhood of the first branchial cleft Remak 
further noted that later the anlage divides into a T shaped mass 
which migrates with the aortic arches to its final mtrathoracic position, 
the thyroglossal tract and isthmus being absorbed 

A generation later, however, Stieda ( 1881 ) asserted that the avian 
gland has a lateral as well as a median origin In studies on the chick. 
Mall supported the belief of Remak and concluded that the derivatives 
( Korpen Y ) of the fourth branchial cleft do not contribute to the 
development of the thyroid According to Marine, subsequent work 
has confirmed the view of Remak (and alsoW Muller as well as Mall) 
that, in birds, the thyroid is derived solely from the single median 
pharyngeal anlage in the region of the first branchial cleft 

These studies in comparative embryology have had important bear 
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Fig 5 Com par at n e Anatomy of the Thyroid Gland The thyroid gland of 
vertebrate animals arises either as a diverticulum, or as a solid cord of cells 
from the buccal floor at about the level of the hjoid arch A cavity forms 
secondarily, by cytolysis, in those forms in which the thyroid anlage develops 
as a solid cord 

During later development the thyroid undergoes characteristic changes in 
form and position in the different subdivisions of the vertebrata In all of 
the high vertebrates this organ becomes constricted off from the pharynx in the 
course of development, and the communications between them arc obliterated 
as they assume the definitive position characteristic of a particular subdivision 
of the vertebrate group These characteristic positions are of interest inasmuch 
as they may suggest a phylogenetic explanation of the various positions in 
which aberrant thyroid tissue is found m man — with the exception of that 
thyroid tissue occasionally found in teratomas 

The primitive vertebrate, amphioxus, develops a groove or trough in the 
floor of the pharynx This groove extending from the mouth to the stomach, 
is known as the endostyle and secretes a sticky mucus that entangles food par 
tides A similar structure morphologically the same, develops in the pharyn 
geal floor of Ammocoetes (the larval form of the Cyclostome, the lamprey 
Petromyzon) It is now- generally accepted that this gives us the clue to the 
phylogenetic history of the thyroid gland The slit like pharyngeal opening of 
Ammocoetes is gradually reduced until it becomes a small pore During 
metamorphosis the pore is obliterated and the organ becomes a small vesicle 
underlying the pharynx This vesicle gradually becomes divided into a number 
of small vesicles, and its secretion accumulates as a colloid substance like that 
of the thyroid vesicles of the higher vertebrates 

In the Elasmobranch fish, the skate, the thyroid tissue appears as a diffuse 
brownish mass located tn front of the anterior fork of the ventral aorta, just 
posterior to the mandibular arch The frog, a tailless amphibian, has a pair 
of thyroid glands located in the floor of the mouth one gland between the 
posterior lateral process of the hyoid cartilage and the thyrohyoid process on 
each side Among the reptiles the turtle has a single thyroid gland lying 
immediately anterior to the heart in the angle of the fork of the brachiocephalic 
artery, and the alligator has a single transversely elongated thyroid located on 
the ventral wall of the trachea, a short distance in front of the heart The 
thyroids of both of these forms he m the pleuro-pcritoneal cavity The buds 
on the other hand, have paired thyroids, located at the root of the neck, in the 
thoracic (pleuroperitoneal) inlet The thyroid glands of the pigeon are 
located along the common carotid arteries at the level of their origin — between 
the carotid and the trachea on the left side, and between the carotid and the 
gullet on the right side 
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mg on the much debated problem as to the possible contribution of 
derivatives (ultimobranchiat bodies) of the fourth branchial cleft to 
the development of the thyroid parenchyma in man This problem 
which has pathological and clinical aspects, we shall discuss in a later 
section 


Embryologv or the Thyroid in Man 
In earl) somite human embryos, the rudiment of the thyroid gland 
first appears as a thickening of the endoderm of the floor of the 
pharynx between the ventral extremities of the first and second pairs 
of gill pouches The phar) ngea! pouches, of course, develop as growth 
expansions of the branchiogenic pharynx differentiated in a cephalo- 
cauded sequence and separated b) the growth of the mesoderm (the 
arches) By the evagmation of the thickening endoderm from which 
the thyroid originates, a median diverticulum is formed just caudal to 
that portion of the floor of the mouth which gives rise to the tuber 
culum impar 

At the 5 mm stage, the outgrowth is a minute flask shaped struc 
ture attached to the buccal cavity by a narrow, median stalk — which 
becomes the thyroglossal duct (strand, tract) It is located m front 
of the second arch mesoderm and is in direct contact with the endo 
thelium of the aortic sac The duct elongates and develops into a 
solid cord, which bifurcates at its lower end so that the terminal gland 
ular swelling gives rise to two buds the future thyroid lobes Ordi 
narily, the bifurcation is in front of the developing larynx and forms 
the isthmus 

In man, a definite, patent duct may or may not be present during 
the embry ological development If a canal is present, its opening is 
the foramen cecum at the base of the tongue, the duct is usually ob 
hteratcd by about the eighth fetal week A duct that remains patent 
(as in some animals, e g , amphioxus) or is not completely obliterated 
may give rise to cysts of the neck, fistulas and aberrant thyroids 

The thyroglossal duct is lined with a single layer of cylindrical 
epithelium, frequently ciliated Exceptionally, a layer of pavement 
epithelium forms the duct lining The same cylindrical structure is at 
first found in the terminal portion of the thyroglossal duct, which por 
tion later develops into thyroid gland tissue Even at about the fifth 
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or sixth feta! month, the thyroid gland is constituted of alveoli lined 
with a single (or double) layer of ciliated epithelium 

At about the end of the fifth fetal week, the hyoid bone is repre 
sented by a cartilagenous mass behind the thyroglossal duct Develop- 
ment of the hyoid causes a forward bending of the duct, which be 
comes intimately connected with the periosteum of the hyoid — thus, 
the frequent attachment of the pyramidal process to the hyoid is ex 
plained Because of the growth of the hyoid bone, at about the ten 
mm stage (or toward the middle of the second month of intrauterine 
life) the thyroglossal duct ruptures, usually near its midpoint The 
superior portion (lingual portion) extends from the foramen cecum 
of the tongue to the hyoid bone The inferior, or thyroid, portion ex 
tends from the hyoid bone to the isthmus of the thyroid gland Occa 
sionally, rupture of the duct does not result from growth of the hyoid 
and in such cases the duct may develop as a continuous canal running 
from the foramen cecum to the isthmus of the thyroid gland 

Normally, beginning at about the fifth fetal week, the thyroglossal 
duct undergoes gradually atrophy and absorption following the forma 
tion of the developing thyroid lobes and the isthmus As a result of this 
atrophy, generally only a fibrous cord, the thyroglossus tractus of His, 
remains, the cord extends from the foramen cecum of the tongue to the 
isthmus of the thy roid In some cases, the thy roglossal tract may extend 
beyond the thyroid and into the anterior mediastinal space, at times to 
reach as far as the aorta Obliteration of the thyroglossal duct is usually 
complete at about the eighth fetal week 

At the time of rupture of the thyroglossal duct (middle of second 
month of embryonic life), the growing thyroid is represented by a 
solid mass of cells draped across the upper part of the developing 
trachea Soon thereafter, this median pnmordium of the thyroid fuses 
on each side with a ventral component (ultimobranchial body) of the 
fourth pharyngeal pouch Within the solid mass of cells, branching 
plates of epithelium, one or two cells in thickness, take rise, so as to 
form closed cavities, which are the precursors of the follicle lumina 
The cavities increase in size, some intercommunications at times de 
v eloping, and eventually open to the outside, so that invasion by the 
vascular mesenchyme ensues 

As the ingrowth of connective tissue and blood vessels continues. 
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the epithelial plates break up into isolated cords, or solid epithelial 
bands The cords or bands undergo lumina formation as their cells 
become rearranged and proliferate, primary follicles thus taking rise 
At about the fifty mm stage, secondary follicles develop either by a 
process of budding off or b) constriction of portions of the primary or 
parent follicles Colloid is not formed until the sixty mm stage, the 
gland becoming functional probably soon thereafter 

Significance of the Ultimobranchial Bodies 
Stud)ing sheep embryos, Stieda came to the conclusion that the 
entire thyroid gland is demed from the two paired bodies of the fourth 
branchial cleft — 'the lateral thyroid anlagen, as he termed them 



Investigating the embryo of the pig. Born confirmed the existence 
of the lateral thyroid anlagen but demonstrated that thyroid tissue 
is definitely formed from the median anlage, which fuses with the 
lateral thyroid anlagen Working with human embryos. His con 
eluded that the lateral lobes of the thyroid are demed from the lateral 
anlagen whereas the isthmus and pyramidal processes arise from the 
median anlage 

Later, Kastschcnko denied, on the basis of his work with sheep 
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embryos, that the "lateral thyroid anlagen” gi\e rise to an) part of 
the thyroid Van Bemmelen made comparative studies and concluded 
that the following structures are homologous- (1) the 'supra pericar- 
dial bodies" of elasmobranchs, (2) the 'postbranchia! bodies” 
(Mauer) of amphibians, (3) the "Korpen Y ’ (Mall) of chicks, and 
(4) the "lateral thyroid anlagen" of mammals Subsequent embryo 
logical investigations have established the fact that in all vertebrate 
classes except the cy clostomes, caudal to the last definite pouch (in man 
the fourth branchial cleft) a further ev agination appears but does not 
attain morphologic value as a branchial pouch because it does not make 
contact with the mesoderm (Nevertheless, some authors apply the 
term "fifth branchial pouch” to this formation ) This further evagma- 
tion is a derivative of the ventral and larger part of the fourth branchial 
pouch, its embryological fate is debated even today, being highly 
significant in relation not only to the origin of thyroid parenchyma but 
also to the development and pathology of so-called "lateral aberrant 
thyroids " (Recent mv estigations have all but proved the great clinical 
importance of considering 'lateral aberrant thyroids” as potentially 
malignant metastases from a primary focus in the homolateral lobe of 
the thyroid proper ) 

Mauer (1899) and Herrmann and Verdun supported the view of 
Kastachenko that "lateral thyrotd anlagen’ do not participate m the 
development of the thyroid These workers stated further that in mono 
tremes and marsupials these structures and bodies derived from them 
remain for the most part separate from the thyroid, but that they gen- 
erally do become imbedded in the posterior lateral portions of the 
thyroid lobes Grosser suggested that, subsequent to their fusion with 
the median anlage, the so called "lateral thyroid anlagen” degenerate, 
for those "postbranchia! bodies” he proposed the term "ultimobran- 
chial bodies” because it appears that in the human embryo they take 
rise from the rudimentary fifth branchial cleft rather than the fourth 

Kingsbury (1914) tentatively confirmed Grosser's suggestion but 
stated that the human material available was inadequate for such a 
cytologic conclusion Badertscher (1918), studying pig embryos and 
fetuses, found mitoses and not degenerating cells in the cell cords and 
masses derived from the ultimobrandual bodies Rogers (1927), after 
extensive researches on the histogenesis of the thyroid of the rat re- 
ported similar findings He concluded that, because colloid containing 
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follicles appeared to develop in all the cords in the region where the 
lateral thyroid (ultimobranchial body) was located, these bodies must 
form at least some thyroid parenchyma which cannot be distinguished 
histologically from any other portion of the gland Rogers belie\ed 
that, in all probability, the contribution of the ultimobranchial bodies 
to the thyroid parenchyma must be small 

Watzkas 1933 report supported the conception of the ultimo 
branchial bodies as potential precursors of glandular tissue of internal 
secretion, he stated that their structure, composition size, nerve and 
blood supply necessitate this concept of their significance Nevertheless, 
he did not agree that these bodies are precursors of any portion of the 
thyroid parenchyma Weller (1933), working with human embryos 
reached essentially the same conclusion as Rogers, according to his 
estimate, the ultimobranchial bodies contribute as much as one third 
of the tissue of the definitive thyroid gland Norris (1937) estimated 
that about one eighth to one sixth of the thyroid parenchyma is derived 
from these structures 

Possibly, according to Rogers and also to Godwin (1937, 1939). 
the strongly determined median thyroid cords may induce the less 
strongly determined ultimobranchial bodies to develop into a greater 
amount of thyroid parenchyma than is the case when the two struc 
tures remain separate — as occasionally they are observed to do Re 
cently Van Dyke (1914) explored further the theoretical and dm 
ical implications of the problem of embryonic potency and determina 
tion Ultimobranchial bodies lacking in inherent thyroid forming 
potentialities may be induced by embryonic tissue to become trans 
formed into thyroid like tissue during embryonic development Post 
natally, howeser, the follicles so formed may undergo another trans 
CwbwAk ya wto cyste Ivned t.|vftVvtVvaRk Vm t*. 

heves that these cysts arise after birth in response to underactivity or 
an atrophic state of the thyroid parenchyma Certain glandlike cells 
produced by the epithelium of the cysts deselop into highly \ascular, 
compensating thyroid cyst adenomata in atrophic glands 

Whatever the future course of imestigations on the fate of the 
ultimobranchial bodies in embryology and after birth it has been defi 
nttely established that these dematiscs of the fourth brandual pouch 
complex (Kingsbury) may frequently become incorporated, to a 
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greater or lesser extent, within the expanding lateral wings of the 
de\ eloping th>roid gland 

Kingsbury (1939) and Godwin (1940) believe (as did Grosser) 
that such fusion of the lateral thy roid anlage and the median thyroid 
anlage is followed onl) by retrogression of the lateral cell masses, or 
ultimobranchia! bodies At most, these cell masses may persist, as Van 
Dyke also thinks, to gi\e rise ultimate!) to cysts ft 1S our belief that, 
should this theor) be confirmed eventually, here indeed one would 
encounter an astoundmgly broad embr)ological basis for future patho 
logical developments — as if the destin) of the ultimobranchial bodies 
were no less or no more than to increase the chances of the formation 
of embryonic rests and the ultimate production of cancerous lesions 
as well as cysts 


Aberrant (Ectopic) Thyroid Tissue 

Schrager (1906) first proposed the term aberrant thyroid, which he 
defined as a mass of tissue having the structure of a normal or 
pathological thyroid gland and situated at some definite distance from 
the normal thyroid with which it has no connection whatsoever 
According to Schrager, the condition was first recognized by von Haller 
in 1779, the first adequate description being published by Porta in 
1849 Some authors state that aberrant thyroids are rare, although 
Gruber (1876) found that aberrant thyroid tissue occurs in 10 per 
cent of all cases in which autopsy material receives careful exaimna 
tion What the actual incidence of such anomalies may be remains un 
certain 

In embryonic development, during the descent of the gland rudi 
ment minute portions (cell masses) of the thy roid tissue proper become 
detached These glandular cell masses (7) may he deposited anywhere 
along the course of the thyroglossal tract from the foramen cecum to 
the thyroid gland, (2) may remain adherent to the aorta or its mam 
branches as the heart and the great vessels separate from the thyroid 
gland during the development of the embryonic neck, and so give 
rise to aberrant thyroids in the mediastinum, (3) after being displaced, 
may be transported to distant sites as embryonic rests, (4) may persist 
as inclusions of fetal parenchyma (non differentiated masses or fetal 
follicles) within the thyroid gland proper, perhaps eventually to pro 
duce fetal adenomas and other types of tumors 
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In rare instances, the entire thjroid gland maj come to he within 
the thoracic cavity, this anomaly must be distinguished from goiter 
plongeant, which is not the result of a developmental defect In other 
rare instances, the backward migration may be prevented by the pre 
cocious de\elopment of the hjoid bone, so that the thyroid is finall) 
represented only b> a mass of tissue above the hjoid Or, again, the 
dow ngrowth of the thjroglossal tract maj be but partially interfered 
with b) the anomalous development of the anlagen of the thyroid and 
the hjoid, thus thyroid tissue ma) come to lie above as well as below 
the hyoid, behind the hjoid bone, m front of the bone, or even m the 
body of the bone 

Aberrant thyroids may undergo any of the pathologic changes to 
which normally situated thyroids are susceptible Thus, an) variety of 
goiter maj arise from such ectopic thyroid tissue Colloid swelling, 
hjperplasia and neoplasia are among the possible developments The 
marked tendency of aberrant thjroids to undergo changes leading to 
malignancj necessitates a dear understanding of the origin and nature 
of such tumors 

Distinction Betw een ' True” and "False * Aberrant Thyroids 
Goitrous enlargement of portions of the normallj situated, definitive 
thjroid gland may lead to the extension of glandular tissue into various 
abnormal locations mtrathoracic or substernal, subclavicular, retro 
tracheal, retrolarjngeal, circular (entirelj surrounding the trachea) 
Such abnormally situated glandular tissue constitutes what is known 
as false aberrant thyroids or goiters False goitrous tumors are usuall) 
found to be attached at least by a band of glandular or fibrous tissue 
to the gland of w hich it is a direct outgrowth If no definite connection 
tan be found between the ectopic nodule or tumor, the growth is 
assumed to be a true aberrant goiter True aberrant thyroids develop 
only from embryonic deposit of thyroid tissue, cell masses being sep 
arated from the main mass of the growing gland and later being car 
ned to various sites or being left as embryonic rests somewhere along 
the course of the thjroglossal strand 

Locations of Aberrant Thjroids Aberrant thyroids most fre 
qucntlj occur at the base of the tongue (lingual thjroid) and in the 
lateral cervical region (lateral aberrant thjroids) Thjroid tissue has 
also been reported as being present in the following locations inside 
tongue (intrahngual thjroid), below the tongue and above mylohyoid 
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muscle (sublingual thyroid), in the posterior wall of the pharynx 
(nasopharyngeal thyroid), in the posterior triangles of the neck, in the 
submaxillary triangle, in the supraclawcular fossae, m front of the 



Fig 7 Usual position of aberrant (ectopic) thyroid tissue 

larynx (prelaryngeal thyroid), within the trachea (intratracheal, thy 
roid), within the larynx (mtralaryngeal thyroid) within the esoph 
agus (mtraesophageal thyroid), behind the trachea or larynx (retro- 
tracheal and retrolaryngeal thyroids, such growths as a rule being 
false aberrant goiters, howescr), within the mediastinum (intra 
thoracic goiter), at times within the pleura or e\en the pericardium 
Aberrant thyroids in the osaries are known as strumata ovarii, or 



38 


THE THYROID GLAND 


ovarian strumas (ovarian thyroids or goiters) Exceptionally the 
osseus system is involved long bones, skull 

Other Developmental Anomalies 
Absence of the Thyroid Gland In extraordinary instances, fail 
ure of the thyroid anlage to develop results in complete absence of 
the gland No thyroid tissue at all may be present except, possibly, 
ectopic or aberrant tissue, such as lingual thyroid tissue (Wells), or 
thyroid tissue located in an epithelial cyst at the base of the tongue 
(Aschoff), or possibly elsewhere In Wells case, even the lingual 
thyroid was hypoplastic 

Absence of One Lobe When the thy roid anlage fails to undergo 
bifurcation during embryogenesis of the gland, one lobe is absent The 
right lobe is more frequently absent than the left lobe 

Absence of the Isthmus At times the isthmus is completely ab 
sorbed in fetal life, so that the two lateral lobes are isolated 

Congenital Hypertrophy Cases of congenital hypertrophy have 
been recorded, the overgrowth being apparently the cause of death of 
the fetus or newborn infant 

Pyramidal Process (Lobe) 

When the isthmial band is partly absorbed, the unabsorbcd por 
tion may give rise to the pyramidal process or lobe, the developmental 
anomaly of most frequent occurrence in man The pyramidal process 
may be connected with either lateral lobe, more often with the left 
In some cases, the thyroglossal tract has divided m two during fetal 
life so that two pyramidal processes are formed, one on each side 
At about the fifth week of fetal life, the hyoid anlage appears 
\Vit \kiyvc«!i TVit v'nyiwA 'sVmi'A 

fuses with the periosteum of the hyoid and when the bone rotates to 
assume the adult position, the thyroid strand is drawn posteriorly 
This fusion with the periosteum results in a definite break in the thyroid 
strand and may lead to the attachment of the py ramidal process to the 
hy oid 

The thyroid tissue may or may not be evenly distributed through 
the pyramidal lobe whose structure vanes from that of an almost 
wholly glandular lobe to that of a scarcely detectable fibrous strand 
often containing islands of thyroid tissue Two explanations have been 
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proposed for this variation in quantity and distribution of active thyroid 
tissue in the pjramidal lobe (1) thyroid epithelium outside the gland 
proper in vatying degrees exhibits a tendency to regress, and (2) 
growth of muscle, cartilage and fascia around the thyroid strand in 
varying degrees compresses it so that its development is hindered 
vvhol!) or in part Muscle fibers largely derived from the thyrohyoid 
ma) occasionallj become intimate!) involved in the structure of the 
pyramidal process, the muscular tissue then being known as the levator 
glandulae th)roideae 

Beilb) and McClmtock found that 26 out of 28 th)roids possesseJ 
either a definite pjramidal lobe or a fibrous cord containing varying 
amounts of thyroid tissue and extending from the thyroid to the hyoid 
bone In 73 per cent of the 26 thyroids having a pyramidal lobe, 
thyroid tissue was grossly demonstrable, the other pyramidal lobes 
being represented by a definite fibrous cord which presumably con 
tamed at least a minimum of thyrojd tissue It is generally stated that 
the incidence of the anomaly found in anatomical studies is about 40 
per cent 

Hence the high percentage (92 per cent) of occurrences reported 
by Beilby and McClmtock would seem to result from their inclusion 
of instances in which merely a fibrous cord or islands of thyroid tissue 
were found Gruber (1876) reported an incidence of 40 per cent in his 
specimens The incidence as given by other investigators is as follows, 
in terms of percentage of positive findings Marshall (1895), 43, 
Joll (1932), 75, and Berlin (1934), 35 

Anomalies in Relation to the Hvoid Bone 

Various anomalous relationships between the hyoid bone and the 
thyroid arise from the mode or embryonic development of the bone 
and the gland In the very early stages of the embryo, the thyroid 
pnmortdmm grows downward m the midline through the region in 
which the hyoid later appears Following the appearance of the bi 
furcation that leads to the formation of the isthmus and lateral lobes 
of the gland, the hyoid develops inward from right to left, to fuse at 
the midline Hence there are three obvious developmental possibilities, 
the realization of any one of which depends upon the normal or ab- 
normal nature of the growth of the hyoid and the thyroid (1) the 
thyroglossal tract mav develop, as it normally does, in front of the 
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hyoid, i e , ventral to the bone, (2) it may develop behind the hyoid, 
or (3) the tract may even extend into the body of the bone The 
surgeon who has to deal with a thyroglossal duct that is fistulous must 
bear in mind these various possibilities Occasionally, a thyroglossal 
fistula will not yield to surgery unless the hyoid has been partially re 
sected (or at least thoroughly curetted) The explanation may be that 
the canal extends through the hyoid bone which, during embryonic 
development, underwent anomalous growth and completely surrounded 
the duct Embryonic rests may be enclosed w ithin the body of the hyoid 
and tumors may eventually arise from them 

The precocious development of the hyoid may interfere with the 
normal descent of the thyroid gland rudiment, which then may give 
rise to a mass of functional thyroid tissue situated between the base 
of the tongue and the hyoid Other aberrant thyroid tissue may or 
may not be present 

The intimate connection established between the thyroglossal duct 
and the periosteum of the hyoid bone during the second month of fetal 
life accounts for the frequently observed attachment of the pyramidal 
lobe to the hyoid 

Thyroglossal Duct Anomalies 
At times the thyroglossal duct may persist in whole or in part, so 
that any (or all) of the following types of lesions may result (1) 
thyroglossal cysts, (2) thyroglossal fistulae, and (3) solid tumors, 
which may be either benign or malignant The location of such lesions 
depends upon the relation of the developing thyroglossal tract to the 
embryonic hyoid bone (see page 59) and upon possible adherence 
of portions of the thyroid anlage to the downward migrating embryonic 
he3rt and great blood vessels In rare instances, the thyroglossal tract 
exhibits lateral branching 

Thyroglossal Cysts and Fistulae 
The thyroglossal duct may exceptionally extend as a continuous 
canal from the foramen cecum to the isthmus of the thyroid and, very 
rarely, on beyond, into the mediastinum and perhaps even as far as 
the aorta Usually , the course of the thy roglossal tract is from the fora 
men cecum, through the posterior part of the tongue, along the lingual 
raph6, and m front of, behind, or through the hyoid bone Usually 
the tract passes through the incisura of the thyroid cartilage, in front 
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of which it grows downward Often intimate adhesions will be found 
between the tract and the thyrocncoid membrane 

Most commonl), only part of the persistent thyroglossal tract is 
patent, the lower portion more frequently than the upper portion 
Emb ecological l) , the upper portion 
is older, its atrophy and obhtera 
tion beginning somewhat earlier 
than m the case of the lower por 
tion Furthermore, less pressure 
is exerted upon the lower portion 
from the outside, whereas collapse 
of the duct passing through the 
base of the tongue and obliteration 
of the part above the hyoid are 
promoted by the action of the 
muscles of the tongue Conse 
qucntly, the most frequent location 
of a thyroglossal cyst is just below 
the hyoid bone, although such cysts 
also occur beneath the foramen 
cecum (as well as below the thy 
raid gland) Because of ano- 
malous development during em 
bryomc life, cysts may be found 
behind the hyoid or even withm 
it Thyroglossal cysts may be single or multilocular Cases have been 
reported in which such cysts were found in the floor of the mouth 
as forms of ranula In thyroid aplasia of cretins and in unilateral 
aplasia of adults, small multilocular cystic tumors frequently occur 
along the upper course of the thyroglossal tract, le, in the region of 
the lingual duct 

The thyroglossal duct, an epithelial tube, may be lined with (a) 
squamous epithelium arising from the pnmiti\e mouth, or (b) abated 
columnar epithelium originating from the primitive pharynx There is 
no connection or physiological relation between either of these linings 
and the thyroid gland despite the fact that the median prtmordmm of 
the thyroid develops around the duct Pharyngeal tissue may be 
pulled downward during the growth of the thyroglossal tract, so that 



Fig 8 Usual position of thyroglossal 
cysts (A) Lingual, (B) Sublingual 
(C) Suprahyoid, (D) Infrahyoid, 
fF) Subthyroid 
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retention cysts later develop When severance of the connection be 
tween the thyroglossal duct and the foramen cecum leads to cyst for 
mation mucous secretion from the lining cells and mucous glands 
accumulates in the cyst and tends to present its obliteration The cyst 
may have a fistulous opening into the pharynx at the foramen cecum as 
a result of persistence of the lumen of the thyroglassal duct The 
foramen cecum provides a readily developed outlet for secretion in 
the upper portion of the canal (lingual duct) Secretion in the deeper 
portion (thyroid duct) is much more likely to be retained and cause 
the development of median cysts 

Lateral ducts from salivary gland acini were found by Bochdalek 
to open into some persistent thyroglossal ducts (lingual ducts) 
Infection of a thyroglossal cyst may result m suppuration and the 
production of a fistulous opening at the foramen cecum, occasionally 
a suppurating cyst may rupture to the exterior, but true external thyro 
glossal fistulae do not develop because the developing thyroglossal 
tract does not make contact w ith the skin 

In a total of approximately 3 800 surgical thyroid specimens 
Trantz and co workers (1942) found 39 thyroglossal cysts 

Intrathoracic Goiter 

Although in rathoracic or substernal goiter was first described 
anatomically as far back as 1749 by Haller and clinically by Lingl in 
1830 it v as not generally recognized before 1099, when Schielf demon 
strated the value of roentgenogram in its diagnosis 

The present day classification of intrathoracic goiter is vague 
Descriptive terms such as substernal, retrosternal, and subclavicular add 
to the confusion Wc v ould suggest classifying all of them as intra 
thoracic further explicit description could be obtained by expressing 
to what degree the thyroid is submerged m the thoracic cage For in 
stance, if one third of a lobe were intrathoracic it might be called intra 
thoracic goiter first degree If two thirds of the goiter were in 
trathoracic it might be termed second degree This would facilitate 
reporting these cases and give us a better statistical approach as to 
their respective occurrence 

Substernal goiters may be partial or complete, fixed or mobile 
Such nomenclature as v andenng goiter, spring goiter, and goiter 
mobile has been applied to the mobile type of substernal goiter 
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Most cases are the result of downward protrusion of the thyroid 
as a nodule in nodular goiter extends its growth from a lower pole 
of the gland The overlying muscular structure (especial!) the pre 
thyroid muscle) tends to direct the growth downward pressure being 
exerted b) contractions during swallowing Little resistance is offered 
b) the loose alveolar tissue in the upper mediastinum Less frequently, 
intrathoracic goiters take rise from diffuse colloid goiter CnI) in \ery 
rare instances are intrathoracic tumors the result of growth from true 
aberrant thyroid tissue In true aberrant intrathoracic goiter, no con 
nection (strand or cord of fibrous or thyroid tissue) links the tumor 
with the definitive thyroid Even if no such connection is detectable 
the thyroid tissue giving rise to the tumor may have originated from 
the thyroid gland proper by benign metastasis or perhaps, in some 
cases, a connecting strand was present but eventually was severed with 
continued descent of the tumor into the thoracic cage 

According to Means (1938), approximately 12 to 15 per cent of 
goiters are substernal w hereas less than one per cent are (completely ) 
intrathoracic That the partially substernal goiter is not an unusual 
condition is readily apparent from our own statistics In our group of 
15,000 thyroidectomies performed in the past 25 years (1923 to 1918) 
15 per cent fell into this category Completely substernal or intra 
thoracic goiters, on the other hand, are indeed extremely infrequent 
It is difficult to estimate from the literature the true incidence of this 
condition, as every surgeon differs in hts definition of intrathoracic 
by degree 

In our last personal senes of 1,000 thyroidectomies only three were 
completely intrathoracic It is of interest that all three cases proved to 
be adenomas thus further confirming the general belief that intra 
thoracic goiters generally originate from adenomas or adenomatous 
goiters 

One of the cases of intrathoracic goiter was an adenoma which was 
continuous with the left lobe of the thyroid and which was removed 
through a low collar incision of the neck This adenoma measured 
10 cm in length and 7 cm in diameter 

In the second case, the goiter was removed by splitting the sternum 
Although it was not as large as in the first case, it was very adherent 
to the surrounding structures 

In the third case, which we are presenting in detail the goiter was 
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the largest jet reported and was entirety mtrathoracic, being connected 
to the trachea in the neck bj onlj a thin fibrous band In fact we think 
it might be considered an ectopic or aberrant thjroid When removed 
it measured 15 cm in length, 11 cm in diameter and 8 cm in depth, 
the largest mtrathoracic goiter jet reported to our Knowledge 

E T , a male, aged 49, weight 196 lbs , was seen at the clinic on 
Maj 15, 1943 He complained of djspnea, occasional pains in the 
back and occasional epigastric distress There were no other sjmp 
toms When first distressed with djspnea a jear previouslj, he had 
consulted a phjsician who had prescribed some pills While under this 
treatment he lost 40 pounds in w eight He consulted another phjsiaan, 
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who after examination advised x rajs of the chest Roentgenograms 
repealed a tumor mass X raj treatments were then instituted During 
this time he felt better and regained the 40 pounds in weight Follow 
up roentgenograms, however, faded to show anj regression of the 
tumor 

On examination at the DeCourcj Clinic, the patient, a barrel 
chested individual, had a sjstolic blood pressure of 150, diastolic 100, 
pulse was 88, temperature 98 4 ’ F Urinal) sis revealed specific gravitj 
of 1 010, acid reaction, negative chemically On microscopic examina 
tion, there was an occasional epithelial cell Examination of blood 


Fig 10 Anteroposterior view show Fig 11 Lateral view 

mg deviation of trachea 

showed hemoglobin of 88 per cent, red count of 1,580 000 and white 
count of 7,000 Differential was essentially normal Wassermann and 
Kahn tests were negative 

X ray of the chest showed a thickened pleura over the right lung 
Lung fields and pleura were otherwise clear A very large tumor mass 
could be visualized in the region of the mediastinum extending both 
to the right and left This suggested an aneurysm of the aorta, the 
heart outline was not enlarged 

X raj of the gallbladder was taken on May 21st The roentgenolo 
gist reported that the gallbladder was not visualized and advised an 
other examination X ray of front and side views of chest taken on 
this date showed a large, well circumscribed shadow of increased den 
sitj in the upper anteriomediastinum, which displaced the trachea back 
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ward and to the light It appeared to be continuous with the arch of 
the aorta and therefore suggested the presence of a large aortic 
aneurysm The heart outline was not enlarged 

On June 12th, further x ra> of chest showed the same findings as 
previousl} described There were no changes 

Repeated fluoroscopic examinations, howe\er, failed to convince us 
of the diagnosis of areur)sm More deep therapy was applied but there 
was no regression 

Believing that we might be dealing with an intrathoracic goiter, 
10 drops of Lugol s solution were given three times daily for ten days 
The patient entered the hospital on June 30, 1913 The thyroid m the 
neck was not palpable 

On Jul) 3, 1943, operation was performed under nitrous oxide and 
oxygen anesthesia A low collar incision was made over the neck, 
which was very short, the thyroid cartilage being only one inch above 
the sternal notch The left lobe of the thyroid could not be found and the 
right lobe was very small and flattened against the trachea No nodule.* 
were palpable 

As the finger was inserted beneath the sternum, the upper border 
of the tumor could be palpated The sternum was then split lengthwise 
in its middle portion down to the xiphoid The electric circular saw and 
chisel and hammer were used Where the halves of the sternum were 
separated, an exposure of about 2'/i to 3 inches was obtainable The 
tumor was seen lying beneath in the midline with the pleura thickened 
and pushed downward by the tumor 

Enucleation was started and it was thought that an easy removal 
would be effected, however the adhesions became very dense where 
attached to the pericardium Bleeding became profuse and necessitated 
stopping the operation and packing about the mass with hot moist 
packs A transfusion was added to the intravenous glucose solution and 
the patient was returned to bed 

Twenty four hours later the patient was sitting up in bed talking 
Actne bleeding .bad stopped, pulse was 90 and of pood volume, res 
pirations were 28, temperature was 102’ F per rectum Twelve hours 
later (36 hours postoperative!) ) the temperature rose to 108* F Res 
pirations became quickened and labored the pulse rapid, and the pa 
tient expired 

At autopsy the thorax was opened in the usual manner, by extend 
mg the midline incision and making a horizontal incision from the 
shoulders to the superior portion of the operative incision Behind the 
sternum and ribs, there was an encapsulated tumor mass, about 15 cm 
by 11 cm by 8 cm , situated in front and to the left of the trachea 
which was compressed The lateral and anterior sides of the mass 
were closely related to the lungs and pleuras The lateral and inferior 
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as big as walnuts A suprahyoid thyroid nodule may be present in 
association with a lingual thyroid (at the foramen cecum) or a lingual 
thyroid may be present along with a normally situated and apparently 
normal thyroid gland Parathyroid nodules have been found in fibrous 
tissue connected with the ventral surface of a lingual thyroid Their 
incidence may possibly be the same in 
both sexes although statistical studies 
are lacking Symptom producing hyper 
trophy is of course much more fre 
quently reported in the female 

Montgomery (1936) collected a 
senes of 141 cases and noted that some 
two thirds to three quarters of the cases 
with symptom producing thyroid gland 
nodules at the base of tongue may be 
without a normally situated thyroid 
gland Six of the 141 patients had asso 
ciated accessory thyroid nodules in the 
neck This author classified 85 cases ac 
cording to the predominant histological 
structure of the lingual thyroids as fol 
lows (1) apparently normal type of 
thyroid tissue 55 3 per cent of cases 
(2) fetal or early type of thyroid 
tissue (hyperplastic form tissue characteristic of early embryonic 
thyroid) 20 per cent (3) possibly degenerative type of tissue 9 4 
per cent and (4) definitely degenerative type of tissue, 15 3 per cent 
(the occurrence of calcium deposits being noted in some instances) 
When the lingual thyroid is the only thyroid tissue present, the 
simplest explanation would seem to be that the anlage persisted at its 
site of origin in the \ery young embryo backward migration possibly 
being presented by the precocious development of the hyoid bone 
Limited migration of the median primordium associated with deposit 
of a portion of the anlage at the base of the tongue may account for 
those instances in which a suprahyoid and a lingual thyroid coexist 
Persistence of a fragment of the anlage at the foramen cecum and 
otherwise normal development and normal migration of the thyroid 
primordium may well be the embryologic history in those cases in 
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which thyroid tissue is found at the base of the tongue and a normall) 
located thyroid gland is also present In the very rare instances in 
which thyroid tissue occurs within the tongue embryonic thyroid tissue 
may have been detached from the anlage and earned forward by the 
migration of the tuberculum impar to give rise to a fetal rest 

It is of clinical interest to note that symptoms of thyroid in 
sufficiency may follow removal of a lingual thyroid when it is the 
only thyroid tissue present and that the tumor may recur postoperatively 
Montgomery records 6 cases of postoperative recurrence among the 
141 patients with lingual thyroid in his senes remarkably he was 
unable to find cases of lingual thyroid carcinoma m the female but 
several cases in the male all of these patients being past the age of 
35 years 


Lateral Aberrant Thyroids 

Lateral aberrant thyroids occur as cystic tumors frequently 
papillomatous situated tn the neck lateral to the normally located 
thyroid gland and at various distances from it The attention of many 
investigators has been attracted by the marked tendenq of lateral 
aberrant thyroids to become malignant growths, and recently interest 
in them has increased because new studies focusing on the problem 
of etiology, have provided weighty evidence that these tumors represent 
metastases from a primary tumor in the homolateral lobe of the gland 
proper rather than from embryonically displaced fragments of the 
thyroid anlage 

The term lateral aberrant thyroid was first suggested by Schrager 
(1906), who regarded these growths as the products of anomalous 
embryonic development — true ectopic thyroids from misplaced por 
tions of the thyroid anlage Previously however Low (1903) had 
pointed out the predominantly papillary nature of these tumors and 
their frequent association with similar tumors of the homolateral lobe 
of the thyroid He stressed the slowness with which these aberrant 
thyroids grow and the infrequency of their metastasis to distant sites 
their invasion of other tissues tending to take place via the lymph 
channels As has been pointed out in the discussion of the significance 
of the ultunobranchial bodies Grosser Kingsbury and other authors 
have long contended that the so-called lateral thyroid anlagen (ulti 
mobranchial bodies) as a rule degenerate following their fusion with 
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the median anlage and probably disappear completely, this theory, 
together with the growing understanding of the peculiar structure of 
lateral aberrant th)roids, led to the belief that their (th)roid) tissues 
originate not from normal thyroid elements but from the ultimobran 
chial bodies — presumablj representing tissues constitutionally inferior 
to that of the thyroid gland 

As early as 1917, Wohl suggested that carcinoma in so-called lateral 
aberrant thyroids might actually represent metastasis from a primary 
tumor in the thyroid gland Nevertheless most authorities continued to 
regard them as growths from embryomcally m'Splaced thyroid tissue 
Cattcll, however, proceeded to modify the fetal rest theory According 
to this author, lateral aberrant thyroids are intrinsically malignant be 
cause they arise from fetal rests, themselves derived from a degenerated 
lateral anlage (ultimobranchial body) on each s de Cattcll fur 
ther thought it probable that fetal rests from the same source are 
also the origin of the papillary tumors which are frequently present m 
the corresponding lobe of the thyroid along with lateral aberrant 
thyroids Cnle supported this explanation of the origin of coexistent 
lateral aberrant thyroid tumors and tumor of the homolateral lobe 
of the thyroid, but regarded the lateral aberrant thyroids as markedly 
benign 

Dunhill (1931) developed the theory of activated rests Ordi 
nary physiological stimuli frequently cause papillary change in tissue 
derived from the lateral anlagen, such tissue being constitutionally 
inferior to that derived from the median anlage, the inferior tissue 
(embryonic rests) may be situated either within or without the thyroid 
lobe Van den Wildenfcerg went on to express the belief that the pap 1 
lary cystadcnomas so arising are precancerous, malignancy being in 
duced by the increasing stimulation in thyroid insufficiency Continu 
ation of such stimulation, according to Greteman and Russum, cause 
minute rests, missed at the first operation, to grow into palpable tumors, 
the thyroid proper is frequently involved and should be explored for 
a similar tumor Cohn and Stewart (1910) expressed the belief that 
embryonic tumor cells may be split off from the ultimobranchial bodies 
( lateral component of the thyroid) cither before or after fusion of 
these bodies with the median anlage, and thus the situation of a papil 
lary tumor within or without the lateral lobe of the thyroid is dc 
tcrmined Coexistent primary tumors develop in the thyroid and side 
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of neck if this splitting off takes place both before and after fusion 
To prevent recurrence, complete excision of the tumors is necessary 
(Cohn and Stewart) 

Lahe) and associates (1940) remarked on the frequent coexistence 
of carcinoma in the thyroid proper and in lateral aberrant thyroids 
Their interpretation is that the lateral tumor is the primary one, from 
which metastasis to the th)roid proper occurs In this report, the) state 
that in 18,600 goiter operations, there were 36 cases of carcinoma in 
the lateral aberrant thjroids, an incidence of approximate!) 0 2 per 
cent Apparently including both benign and malignant tumors Cnle 
reported that the incidence of lateral aberrant thyroids is one such 
tumor per 1,000 goiter operations 

Trantz and co workers (1912) recorded 30 cases of lateral aber 
rant thyroids (and 6 cases of median aberrant thyroid tumor) in a 
total of approximately 3,800 surgical thyroid specimens (1921 1941) 
According to these authors, true lateral aberrant thyroids may ha\c 
different embryological origins In most instances, lateral aberrant 
thyroids are derived from the lateral thyroid body and cell cords from 
the lateral cornu of the median anlage w hich has been fused together 
but subsequently have become detached from the main part of the 
median anlage In cases of lingual thyroid, however, any lateral aber 
rant thyroid tissue would be derived entirely from the lateral thyroid 
— the ultimobranchial bodies — and would probably although not 
necessarily, be associated with the parathyroid arising fron the fourth 
pharyngeal pouch This explanation is in accord with the views of 
Weller (1933) who remarked that occasionally, in congenital cretinism 
descent of the thyroid below the hyoid may not have taken place but 
isolated small masses of thyroid tissue are found low m the neck 
Weller believes that such amtud.ies ma.v, lie taken as evidence of the 
differentation of the fourth pouch material (ultimobranchial bodies) 
into thyroid tissue 

Frantz et al observe that it is always difficult and sometimes im 
possible to differentiate between lateral aberrant thyroid tumors and 
metastases to the cervical lymph nodes from carcinoma of the thyroid 
They believe that when multiple small foci are found in a lymph node - 
one is dealing with metastases rather than multiple aberrant thyroids 
They consider metastases only those tumors whose groups of cells lie 
scattered in a structure which has the architecture of a lymph node 
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(marginal sinus sinusoids, lymph follicles) All of these tumors 
should be considered potentially malignant, treated radically, and 
followed with care 

According to the notable report of King and Pemberton (1912), 
lateral aberrant thyroid masses are in reality metastases from a carci 
noma of similar structure in the thyroid gland itself, papillary cystic 
thyroid tissue is often metastatic from a primary tumor of identical 
type in the homolateral lobe of the thyroid Thus these workers record 
confirmation of the suggestion of Wohl (1917) They carefully studied 
51 cases of malignant aberrant thyroid lesions in the lateral cervical 
regions of which 31 were associated with carcinoma of the homo 
lateral thyroid lobe, established by microscopic examination, no exami 
nation being made of the other 20 thyroid glands In 19 cases, speci 
mens from the thy roid gland and the lateral cerv ical masses were prosed 
to be identical in type 

King and Pemberton also cite 15 cases in which the diagnosis was 
definitely papillary carcinoma of the thyroid with metastases to the cer 
vical lymph nodes These cases differed from the first series only m the 
relative degree of prominence of the tumor as indicated by the labora 
tory findings and the clinical history In both series of cases, the lateral 
metastases contained lymphoid tissue in 60 per cent of the specimens 

King and Pemberton explain the presence of so-called benign lateral 
aberrant thyroid tumors as follows Adenomatous masses are pinched 
off from a large nodular goiter by muscles and other surrounding 
structures drift laterally or upward through the lymph channels, and 
become implanted as aberrant thyroid tissue Large adenomas found 
in the thorax and completely separated from the primary tumor within 
the thyroid arise similarly These authors conclude that, even if a gross 
tumor of the thyroid is not evident at operation, lateral aberrant thyroid 
tumors are not adequately treated until the homolateral lobe of the 
thyroid has been removed 

More recently, Clay and Blackman (1944) have stated that lesions 
long known as lateral aberrant cervical thyroids should be considered 
as metastases in the cervical lymph nodes from primary carcinomas 
of the homolateral lobe of the thyroid — until satisfactory evidence 
to the contrary is adduced They stress the point that the thyroid should 
he explored and at least the corresponding lobe removed when such 
lateral tumors are present, even though the primary tumor (in the 
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th)ioul) ma) not be palpable Possible development of a similar lesion 
m the other lobe must be kept in mind Clay and Blackman feel that 
surgical removal of the primary lesion and the first metastases may well 
present spread to the lungs, bones and other sites, extension of such 
growths being remarkably slow 

Such tumors may look histological ly benign, but, nevertheless may 
be malignant Further, random sections of a lateral cervical thyroid 
tumor may not reveal the architecture of the residual lymph node, the 
node is frequentl) destroyed b) a growing metastasis 

Benign Metastasizing Colloid Goiter 

We believe that the problem of the origin of lateral aberrant thyroid 
tumors is closely related to the problem of so-called benign ’ metasta 
sizing colloid goiter In fact, the two problems maj turn out to be 
fundamentally the same, involving the striking capacity for independent 
growth shown by thyroid tissue Dissociated tissue alveoli tend to grow 
rather than to regress (Ewing) In fact, a number of reports indicate 
the possibility that even the apparently normal thyroid may show 
metastasis A tumor removed from the inferior maxilla was found to 
be composed of normal thyroid tissue, according to Riedel, and local 
recurrence was observed after 10 years, the thyroid gland undergoing 
no observable change the meanwhile A perforating tumor of the skull, 
similarly composed of normal thyroid tissue, was excised by Oder 
feld and Stemhaus, no enlargement of the thyroid was noted and no 
accessory thyroids were found We consider it possible that these 
tumors may have arisen from embryonic rests, the interpretation placed 
on such growths seems to depend upon the opinion of the observer, 
sufficient evidence for a satisfactory explanation being obviously lack 
mg 

Connheim (1876) first drew attention to so called benign metasta 
sizing colloid goiter, since then, more than 100 cases have been re 
corded Some authors have stated that the tumors arise, m these 
cases, from aberrant portions of the thyroid anlage, le, are growths 
from embryonic rests Possibly, a certain proportion of the growths 
do so originate Nev ertheless, in other instances — especially w hen the 
osseous system is extensively involved — the factor of malignanq 
masked by extremely slow spread and slow growth must be considered 
Boyd (1943) recently stated unequivocably that clear evidence of 
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malignancy will eventually le forthcoming in all cases of so called 
benign mctastases of simple colloid goiter 

Struma Ovarii — Ovarian Goiter 
Although struma ovarii is a comparative!) rare type of aberrant 
thyroid it is not only of great embryologica! and pathological interest 
hut also of vital importance in a considerable percentage of the cases 
that are encountered in the clinic In 19 10 Emge Collected 150 cases 
from the literature since 1899 when Gottschalk recorded the first 
case of struma! tumor of the ovary as folliculoma malignum ovarii 
Gusberg and Danforth (1911) noted that 31 additional case reports 
had appeared since Emges survey We believe that the increasing 
knowledge concerning this condition will result in an increase m cases 
reported annually Undoubtedly many cases escape diagnosis The 
observed incidence of thyroid tissue found in dermoid qsts for in 
stance vanes from 1 5 to 28 5 per cent thus both technique and cn 
tena of diagnosis obviously must affect the determinations presented 
in the literature Gusberg and Danforth in their recent analysis of 
cases found that 2 7 per cent of 297 ovarian teratoma of all types 
examined during a twenty year period were struma ovarii In addition 
a number of thyroid rests were observed the diagnosis of struma 
ovarii being confined to those tumors which contained significant per 
centages of thyroid tissue Unavoidably perhaps different observers 
will continue to differ concerning just what proportion of thyroid tissue 
in such tumors must be regarded as significant 

It has been definitely established that struma ovarii does not repre 
sent mere colloid degeneration of cyst s arismq from one or another 
of the numerous varieties of tubular structures within the ovary 
Microscopic studies have shown that the differential staining qualities 
of the colloid and the morphologic stigmata of the parenchyma arc such 
as to prove the presence of al errant thyroid tissue in struma ovarii 
In 1912 TrapI suggested that strumal tumor of the ovary may 
function vicariously a< thyroid Subsequent research has left no doubt 
that struma ovarii can contribute to thyrotoxicosis This remarkable 
capacity distinguishes ovarian struma among all ovarian growths and 
as Gusberg and Danforth have noted removes it from the category of 
the simple pathologic curiosity These workers point out that of the 
31 ovarian strumata recorded in the literature from 1910 to 1911 8 
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were said to have been accompanied by thyrotoxicosis In at least 5 of 
these 8 cases, there was coincident enlargement of the thyroid The 
thyrotoxic symptoms of 3 patients were relieved by oophorectomy alone, 
previous subtotal thyroidectomy failed to alleviate the hyperthyroidism 
m 2 patients 

Nevertheless, basing our conclusions on the data available m the 
literature, we must assume that there are fundamental morphologic as 
well as physiologic differences between ovarian thyroid tissue and 
normally situated thyroid tissue These differences would seem to bear 
directly upon the problem of the (embryologic) origin of the ectopic 
tissue In most instances in which relief of thyrotoxic symptoms has 
been observed to follow removal of the tumor, subsequent microscopic 
examination of the ovarian sections has not revealed the stigmata of 
hyperthyroidism The thyroid tissue seldom shows evidence of hyper 
plastic changes in these cases That is, the histologic changes do not 
parallel the level of toxicosis Nor does the iodine storage correspond 
to the physiologic or morphologic changes (Emge) Masson and 
Mueller (1933) determined the iodine content of the thyroid tissue in 
three ovarian tumors, in terms of iodine content per cent of dry 
weight the values obtained were 0 105, 9 031, and 0 011 The majority 
of ovarian thyroids store very little iodine (Emge) 

The growth characteristics of ovarian strumas are of signal im 
portance as respects both embryological (etiological) and surgical con 
siderations Most such strumas are believed to be benign tumors hav 
mg orderly growth characteristics, but approximately 5 to 6 per cent 
have been reported to manifest metastatic growth habits, although the 
more severe types of hyperplasia are rare In the majority of instances 
ovarian strumas show a tendency to develop into a colloid goiter rather 
iVum to maintain Viyperp'iastic activity Metaxtaxex iiom a 

malignant struma ovarii are generally restricted to the abdominal 
viscera and are superficial rather than invasive Hence, their behavior 
is unlike that of metastatic neoplasms of the thyroid gland proper 
Nevertheless, at least two metastases to bone have been recorded and 
the assumption of malignant tendencies in other cases resulted in death 
in about fifty per cent of the patients A patient may survive for years 
even though multiple aberrant thyroids are present, in one instance, 
death did not occur until I8V2 years after operation with known 
metastases still present (Morgen) 
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Various authors have proposed classifications of ovarian strumas 
according to hyperplastic activity and morphologic structure (micro 
follicular, macrofollicular) Such attempts ha\e not met with general 
appro\al because functional activity and morphologic nature as a rule 
are not related % ambles Within the same tumor, different degrees of 
hyperplastic activity may be observed The quantity of thyroid tissue 
present is not an index of functional activity although of course a 
certain minimum of functional tissue must develop before symptoms of 
thyrotoxicosis appear 

Most authorities apply the term teratoma to both cystic and solid 
ovarian tumors In the cystic teratoma, as a rule all three fetal layers 
arc recognizable and are arranged in a more or less orderly manner 
but the structures arising from the ectoderm may be (and usually are) 
predominant All three germinal layers are present in the solid 
teratoma also, these tissues, however, are mingled indiscriminately, and 
the histological findings usually suggest an embryonic development 
It is generally accepted that about 80 per cent of ovarian tumors are 
cystic whereas 20 per cent are solid, but mixed tumors are encountered 
The coexistence of a hyperplastic strumal tumor and a granulosa cell 
tumor has been reported only twice (Murray, Dockerty and Pemberton 
frankl) We are of the opinion that the more painstaking the micro 
scopic examination of sections from ovarian tumors, the more fre 
qucntly the presence of thyroid tissue will be disclosed not only in 
such tumors but in others in which the occurrence of thyroid tissue is 
generally believed to be very rare The chance avoidance of thyroid 
tissue in the sectioning of large ovarian tumors has been emphasized 
as clinically important by Gusberg and Danforth (1914), functioning 
ovarian strumas may escape diagnosis, especially when the symptoms of 
hyperthyroidism arc mild Dermoid 95ts constitute about 10 per 
cent of the cystic tumors, but even in these the precise incidence of 
thyroid tissue is as yet uncertain In the literature, the point has been 
made that the dermoid tumor is benign whereas the teratoma is 
malignant, recent reports do not support this belief, which — if true 
— would be of clinical interest 

Indeed the fact that a certain percentage of ovarian strumas C3n 
give rise to malignant metastases makes obvious the necessity of a 
careful study of the abdominal cavity at the time of operation to re 
move these tumors Annual bone surveys should subsequently be 
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made Further clinical considerations arise when th) rotoxicosis accom 
panies coexistent enlargement of the thyroid and an ovarian tumor, 
the enlargement of the gland ma> be such as to indicate th) roidectomj 
but at the same time the possibilit) of a functioning struma ovarii 
must be recognized Weighing of the factors involved ma> prevent 
needless removal of the thyroid 

The behavior of metastasizing thyroid neoplasms is evidence 
against the hypothesis that ovarian strumas represent thyroid metastases 
into the ovary And vve do not regard as plausible the suggestion that 
such tumors arise from some ill understood ovogenic development un 
organized in nature The most likely explanation of their origin would 
seem to be cmbryologic, i e , it appears probable that an ovarian struma 
develops from an embryonic rest whose mass of cells became detached 
from the thyroid anlage and was carried to a distant site (the ovary) 
during early fetal life So-called pure ovarian strumas have been de 
scribed occasionally, but in common with most authors we believe that 
close microscopic scrutiny of such specimens would disclose the presence 
of at least a minimum of elements from the embryonic sources said to 
be unrepresented In any case, whether the struma ovaru dearly in 
volves all three germ layers in a totipotent development or appears to 
be constituted purely of thyroid tissue, these growths must, for 
the present at least, be regarded as regional teratomas — and of em 
bryonic origin 

Fetal Adenoma 

According to Wolfler, fetal adenoma must be attributed to growth 
from superfluous embryonal thyroid epithelium to be found throughout 
the gland With Langhans, he theorized that all the ordinary thryoid 
epithelial tumors take rise from persistently embryonal cell masses ob- 
scure disorders of development being involved in the origin and distribu 
tion of these cell groups within or without the thyroid gland proper 
Thus they account for gelatinous adenoma (collotd goiter), adenocarct 
noma, and carcinoma as w ell as fetal adenoma But Ew mg has obscrv ed 
that only in fetal adenoma can embryonal cell groups be definitely impli 
cated Considerable histologic evidence as well as the fact that a 
lengthy period of benign overgrowth precedes the development of mal 
ignant tumors would seem to necessitate the assumption that many 
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adenomas, adenocarcinomas and carcinomas may spring from adult 
follicles 

Some atypical, rapidl) growing sarcomas may, like fetal adenomas, 
take rise from embryonal epithelium Tetal adenoma appears early, 
usually becoming a definite tumor sometime before the twentieth year 
of life Papillary fetal adenoma develops when small cysts are invaded 
by epithelium growing in low papillary form There is no doubt that 
some adenocarcinomas, carcinomas and sarcomas arise from fetal adc 
noma 

Timt of Oricin or Function or Thyroid 
Fmbryologists have stressed the significance of hormones as morpho 
genetic factors in the developing fetus Therefore, as Gorbman and 
F\ans ( 1913) have observed, the determination of the embryonic stage 
at which thyroid tissue becomes functional is of great interest Tunc 
tional fetal tissue, moreover, must be regarded as a clinical consider- 
ation in the frequent cases of hyperthyroidism in pregnancy Gorbman 
and Evans injected radioactive iodine into female rats at a known stage 
of pregnancy and later, by the radioautograph technique, measured 
tl c extent of iodine storage in the developing tissues of the fetal 
thyroid Fetuses less than 19 days old showed almost no storage of 
iodine in their thyroid tissue, but considerable storage was detected in 
21 day old fetuses, functional ability therefore apparently beginning 
on the eighteenth or nineteenth day of embryonic life These authors 
interpret their date as indicating that, in this mammal at least, thyroid 
funcion does not begin until 90 per cent of the mtra uterine life is com 
pleted and probably starts at the time of first differentiation of the 
follicles within the lumina The follicular differentiation first appears 
in the peripl eral portions of the thyroid and gradually extends into 
deeper tissues The observations of Gorbman and Evans support the 
view that physiological differentiation depends upon, or immediately 
follows, morphological differentiation 
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CHAPTER IV 


ANATOMY, HISTOLOGY, AND CYTOLOGY 
OF THE THYROID 

Gross Anatom* 

T irr THYROID, an unpaired, ductless gland, is situated at the front 
and sides of the lower part of the neck — opposite the second, 
third and fourth tracheal cartilages, i c , at about the level of the fifth, 
sixth and seventh cervical vertebrae Some apparent!) normal glands 
ma) extend from the level of the first tracheal cartilage as far as the 
level of the fifth or even the sixth tracheal cartilage A right lobe is 
connected across the median plane to a left Jobe b) a thin band of 
tissue the isthmus, which usually covers the second, third and fourth 
rings of the trachea Each lobe is roughl) conical in shape, with the 
apex directed laterallj upward, and is approximately 5 cm long and 
some 2 cm in thickness, the width of the base being about 3 cm 
Generali) the isthmus measures approximate!) 1 25 cm transversely 
and about the same vcrticall), it does, however, show m3n) variations 
and in some 10 per cent of cases, is altogether lacking There are 
usually two blunt poles — a superior and an inferior on each lobe, 
the inferior pole is less frequently absent than is the superior one 
In less than one per cent of cases, one lateral lobe ma) be absent 
A p)ramidal lobe is frequent!) present (see page 38), often ex 
tending from the upper part of the isthmus to the h) 0 id bone In 
man) other instances, the p)ramidal lobe is connected with the adja 
cent portion of one lobe or the other, more common!) the left It ma) 
or ma) not be attached to the other portions of the th)roid and may 
be divided into two or more parts Accessor) th)roid glands (page 
35) are of frequent occurrence 

Weight at Birth The weight of the th)roid gland in the newborn 
varies according to the region (and the availabilit) of iodine) In a 
non goitrous region (Wichita, Kansas), Hellwjg found that the 
weight of the gland in the newborn averaged 1 2 Gm In Minneapolis 
( modcratel) goitrous region). Rice recorded an average weight of 
166 ] 
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the thyroid gland at birth of 1 5 Gm Jaffe found 1 6 Gm to be the 
average vv eight of the gland in the newborn at Chicago, also in a 
moderately goitrous region Average weights of the thyroid at birth 
as determined by other investigators in other localities show striking 
differences, as follows 1 1 Gm m Firenze, Province, Italy (Castaldi, 
1922), 1 5 3 0 Gm at Rome (Eggenberger), 1 9 Gm at Kiel, Germany 
(Wegclin), 2 5 Gm at Paris (Guiart, cited by Wegehn, 1926), 5 7 
Gm at Berlin (Kloppel), 8 2 Gm at Bern (Wegehn) The weight of 
the gland at time of birth is greatest in goitrous regions, generally, 
the weight is greater in Europe than in America and shows wider 
v aria t ions 

Weight in Adults As the child grows older, the w eight of the 
thyroid, of course, increases, to reach its maximum (normally) in early 
adult life Von Kolnitz and Remington (1933) found the average 
weight of the normal thyroid gland between the ages of 16 and 20 
years to be 13 0 Gm at Charleston, S C ( non goitrous region ), 
whereas Hellwig recorded 23 2 Gm as the average weight for normal 
glands in adolescents of the same age group at Wichita, Kansas (also 
in a non goitrous region) Normal glands m the same age group 
were found to have an average weight of 21 6 Gm at Chicago (Jaffe) 
and 26 7 Gm at Minneapolis (Rice) 

According to Marine (1932), the normal thyroid weighs between 
20 and 25 Gm and does not exceed 0 35 Gm per kilogram of body 
weight, being relatively larger in infants and in women Boyd (1935) 
observed that the gland is approximately one third heavier in women 
than in men, the average weight at the seacoast being between 20 and 
30 Gm and in hilly districts, between 35 and 50 Gm Jaffe noted an 
average weight of 27 4 Gm for the normal gland in white men 
(Chicago}, the average in white women being 2?> \ Gm Tne norma\ 
gland weight, as determined by Von Kolnitz and Remington, in Charles 
ton, S C, was 20 0 Gm , the weight of the gland m the adult in 
Minneapolis was found to be approximately 28 0 Gm (Rice) Accord 
ing to Nolan, in Minnesota, the average weight of the normal thyroid 
in adult males between 20 and 80 years of age ranges between 22 and 
28 Gm Rice states that the range of normal variability in the u eight 
of the adult gland is from 10 to 50 Gm , a gland weighing 40 or 50 
Gm is not necessarily goitrous, being within the range of normal 
variability 
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HeUw I? (1933) noted tint the axengc weight of the normal 
North American thyroid gland is less than that of the European gland 
and further that variabiht) in weight is less in the North American 
gland 

Toward the end of the life span the thyroid gland decreases grad 
uallj in sue and weight provided of course that pathological c* inges 
do not take place 

RrLATiONs verm Orvical Tascia and Musclps 
The thyroid is invested with an internal and an external capsule 
The internal capsule consists of fibrous connective tissue that imme 
diately cnshcathes the gland and is intimately connected with the 
fascial coverings of the trachea and larynx The external capsule is 
formed by the middle cervical fascia and is continuous lateral!) with 
the carotid sheath and the pericardium On e«ch side a ligamentous 
band attaches the posteromedial part of each lobe to the cricoid cartil 
age The com ex lateral surface of the gland is closely covered outside 
the sheath of pretracheal fascia b) the sternothyroid muscle 

The insertion of the sfcrnothj roid into the oblique line of the lamina 
of the thyroid cartilage renders impossible the upward movement or 
enlargement of the glind A space between the postcro-latcral border 
of the sternothyroid and the longus capitis is occupied by the upward 
extension of the lateral lobe on each side Alove the medial surface 
of the thyroid lo u e makes contact with the inferior constrictor and the 
posterior portion of the cricothyroid muscles that he between the thy 
roid and the side of the cricoid cartilage as well as the posterior part of 
the thy roid cartilage The sternocleidomastoid ov erhes the sfernoh) poid 
sternothyroid and omohyoid laterally crosses the poles of the gland 
and uSu&Uy aU but cvv.es* the Ufanl fate Ihe yspufiml {asm farms 
a thin lamina investing the platysma and with the s l in o /erhes these 
muscles 

The isthmus anteriorly is co/cred by the pretracheal fascia which 
separates it from the sternothyroid muscles o\er which lie the sterno 
hyoid mu<c!es and the anterior jugular veins as well as the thin super 
ficial fascu and the skin In most cases along its upper Lorder runs an 
anastomotic branch between the two superior thyroid arteries The 
inferior thyroid xcins lease the gland at its lower border 

During deglutition contraction of the stylohjoid mu-cle carries the 
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larynx upward and with it the thyroid gland (because of the intimate 
attachment of the gland to the larynx) The origin and insertion of 
the cervical fascia and preglandular muscles do not prevent the down 
ward growth of the enlarging gland into the mediastinum between the 
middle cervical and prevertebral fascia 

Relation to the Parathyroids Usually the parathyroids are situ 
ated between the posterior borders of the lobes of the thyroid gland 
and its capsule As a rule there are two superior parathyroid bodies 
and two inferior the former being the more constant m position In 
most cases the superior parathyroid bod) on each side is found at the 
level of the lower border of the cricoid cartilage and behind the line 
of contact of esophagus and pharynx The inferior on each side ma) be 
located at the lower edge of the lateral lobe of the thyroid gland or in 
other cases a short distance beneath the gland at times it is situated 
beneath the inferior thyroid arter) 

In still other cases the inferior parathyroid Lody ma) be within 
the structure of the lobe of the th>roid gland and close to the lower 
end of the posterior border of the th) roid It may lie w ithin or posterior 
to the fascial sheath of the thyroid gland either below the inferior 
thyroid artery and close to the lower pole of the lateral lobe or just 
above the inferior thyroid artery In about one third of cases there 
are more than four parathyroid bodies whereas there are fewer than 
four in less than one per cent of cases Scattered islands of parathyroid 
tissue are of frequent occurrence within the connective tissue and fat 
of the neck and in the immediate vicinity of the parathyroids proper 
The blood supply of the parathyroid bodies is derived from a branch 
of the inferior thyroid artery or from anastomosing vessels connecting 
the superior and inferior thyroid arteries The lymphatic systems of the 
thyroid and parathyroids are intimately related Nerves to the para 
thyroids may arise from a plexus within the fascia on the posterior 
portion of the lateral lobe of the thyroid or from the superior or middle 
cervical ganglia 

Blood Suppl\ 

The blood supply of the thyroid gland is extraordinarily rich 
The volume of blood per minute per 100 Gm of organ was found by 
Burton Optiz to be 560 cc for the thyroid which thus receives two 
to ten times the volume of blood received by other organs of the 
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body The blood to the thyroid is supplied mainly by the superior and 
inferior thyroid arteries These divide into the parenchymal arteries, 
which in turn branch into interlobular arteries The interlobular arter 
ics divide into intralobular arterioles that distribute their blood to the 
fine network of pcnacinar capillaries 

The superior thyroid arteries arc the first branches of the external 
carotid from which they originate on the anterior surface to run for* 
ward and downward along the thyrohyoid and longus capitis muscle 
and between these and the fascia overlying the inferior constrictor of the 
pharynx, to the superior pole of the gland The superior belly of the 
omohyoid muscle is superficial to these \essels 

Divisions of the Superior Thyroid Artery. The superior thyroid 
divides into the infrahyoid artery (to the regional muscles), the sterno 
mastoid the superior laryngeal (to the inucosa and intrinsic muscles 
of the larynx), the cricothyroid artery, and the glandular arteries, 
usually three in number, as follows (l) a large lateral and anterior 
branch coursing down o\cc the anterior surface of the gland to the 
isthmus, (2) a smaller posterior branch which runs along the postcro 
lateral surface, and (3) a small branch which frequently originates 
between the anterior and posterior branches and immediately dips into 
the gland 

Stewart (1932) observed that, m practically all instances, the su 
perior thyroid artery sends its largest branch downward, anteriorly and 
medially along the border of the lateral lobe to the isthmus, there to 
anastomose with its fellow of the opposite side Turning downward, 
this large branch of the superior thyroid artery frequently runs to the 
medial portion of the inferior pole Mastin ( 1923) found that, in c\ery 
case examined, the superior thyroid artery and the homolatcral inferior 
iJiy/oiii artery communicate directly, a ramus commumcans arises from 
the (smaller) posterior branch of the superior thyroid and joins with 
the inferior thyroid artery of the same side Also, either from the 
ramus commumcans or from the posterior branch of the superior thy 
roid artery a small vessel takes rise and courses to the superior para 
thyroid body 

As Rienhnff remarks ligation of the superior artery at the superior 
pole of the gland is inadvisable because the vessel may enter the gland 
anyw here betw cen the .apex of the superior pole to the isthmus Ligation 
is best performed within the space bounded by the longus capitis and 
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th)roh>oid muscles, a possible higher bifurcation or trifurcation is not 
to be feared The vessel ma) undergo bifurcation or trifurcation two- 
thirds of the way upward toward its point of origin from the external 
carotid artery 

We would like to emphasize the fact that the large branches of the 
thyroid arteries do not dip deeply into the gland but extend o\er its 
Surface, smaller branches onl) penetrating into the gland Profuse 
peripheral anastomoses of these large branches offer a difficult prob- 
lem to the surgeon Mastin found anastomoses between the two su 
perioc or one superior and a contralateral inferior artery m 80 per 
cent of his specimens, in 20 per cent of cases there was direct com 
mumcatian between all vessels On the lateral and posterior surface 
of each lobe, the prominent dgvelopment of the homolateral anasto 
mosis is readil) obsened, also conspicuous on the surface of the gland 
are anastomoses between contralateral arteries 

Indirect communicating channels are found as follows The superior 
lateral artery communicates with the cricothyroid branch of the su 
pcnor thyroid artery, to provide an indirect lateral anastomosis A sim 
liar indirect anastomosis forms a channel betw een the superior and in 
fenor lateral arteries Union of the inferior laryngeal and the inferior 
thyroid arteries with the anterior mediastinal branches of the internal 
mammary arteries and the bronchial arteries gi\e rise to the tracheal 
plexus of vessels At times the contralateral inferior laryngeal and 
the ascending pharyngeal arteries may also intercommunicate about 
the esophagus 

Variable branches from the superficial trunks extending into the 
muscles and fascia about the thyroid gland may hate numerous indirect 
channels of communication It is to be noted that the hyoid superior 
laryngeal and cricothyroid branches of the superior thyroid artery may 
participate m the development of a collateral circulation 

Inferior Thyroid Arteries The inferior thyroid arteries take rise 
from the thyrocervical trunk, a branch of the subclavian They run 
medially to the posterior surface of the lateral lobe near the inferior 
pole, to course behind and near the carotid sheath and below the com 
mon carotid artery Lying upon the scalenus anticus, the inferior artery 
on each side emerges from beneath the carotid artery at a point mime 
dtately above the level of the tendon of the omohyoid muscle 

The divisions of the inferior artery are (l) a branch to the 
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scalenus a" cno ard h- nfeno cons nco n_sJ« (2) tf * ascend- 
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mm-sLamlr and (b) th- larger poster or era neb that exterds 2I-50S 
t 2 ns* erselv across the pos e jo surf2 e o f ,K e glard to the pcs.~o 
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cends to t^e inf-no surface of th- is hnus 1 ru tennina - n the 
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socn-es of b’ood $_pp’\ Tb-y sme to e^-has-re th- exce^Lng rich- 
ness o ( th- b’ooJ sepp’v o f tV thvio d gland 
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Periacinar Capillary Network 

The intralobular arterioles subdivide into fine capillaries that form 
a perifollicular meshuork enveloping each follicle These capillaries are 
imbedded in the connective tissue around the follicle and, according to 
certain histologists at least, ma) be in intimate contact with the epithe 
lial cells Some obseners believe that such an intimate contact facih 
tates basal secretion of th)roid hormone directlj into the blood stream 
As Rienhoff remarks, the periacinar network of capillaries is remtndful 
of the glomerular circulation of the kidne)s 

VriNS of the Thyroid Gland 

The perifollicular circulation leads into the efferent \ascu la r sjstem, 
which is characterized b) numerous anastomoses in the immediate neigh 
borhood of the follicle (In contrast, anastomoses betw een arteries or be 
tween arteries uithm the gland are rare!} encountered ) Venules unite 
to form \eins that accompan) the arteries to the surface of the gland and 
there form a large and intricate network situated for the most part be 
tween the external and internal capsules These large and numerous 
intercommunicating \ems are usuall) double and start in superficial bar 
anastomoses (Mastin) A superior \ein accompanies the superior 
arter} and passes over the common carotid arter) to empt) into either 
the internal jugular vein or the lingual vein One superior vein maj 
empt) into the internal jugular vein above the level of the origin 
of the superior arter} from the external carotid and a second superior 
th)roid vein ma} empt} into the interral jugular vein below this point 
Present also m about 90 per cent of cases is a middle or lateral thjroid 
vein arising from the lateral surface of the gland, this vein, after being 
joined b} the lar}ngeal and tracheal veins, empties into the lower part 
of the internal jugular vein 

Communicating freel} with the superior and middle thjroid veins 
after arising from the venous plexus on the surface of the gland, the 
inferior th} roid veins (usuall) from two to four m number) take dif 
ferent courses The left inferior vein frequentl) runs in front of the 
trachea and behind the sternomastoid muscle, to empt} into the left 
innominate vein, transverse communicating vessels connect it with its 
fellow The right inferior vein ma} take a similar course, to empt) into 
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the right innominate vein Occasional!), how e\er, these veins ma) 
empty into the subclavian or the internal jugular \ein 

Esophageal, tracheal and inferior laryngeal veins arc tnLutar) to 
the larger veins from the thyroid More often present thin the th) 
roidea ima artcrj, the vena thyroidea imi arises in most cases from the 
inferior surface of the isthmus to run down o\er the surface of the 
trachea and empties common!) in die left innominate vein Valves are 
present at the terminations of the larger veins from the lh) roid 

Lymphatics or thl Thyroid 

Like the arterial and venous s)stcms of the thyroid, the lymph itic 
s)stcm of the gland is manifold and complex Covering the surface of 
the gland there is an intricate plexus of anastomosing Ijmphatic vessels 
from them there extend into the ghnd lesser lymphatics \ Inch, for 
the most part, follow the blcod vessels and extend through the inter 
lobular and intralobular connective tissue septa Arteries, arterioles 
veins and venules are encircled by an almost syncytial meshwork of 
lymphatics which travel on with them to the acini Broadening of the 
lymphatic channels has been repeatedly noted Lctvvcen the follicles, 
hence wc arc led to believe that secretion from the epithelial cells of 
the follicles into lymph vessels must be taken into account to a greater 
extent than has been noted by most authors Certainly, the lymph 
channels provide passageways for metaplastic growths and toxic 
principles, surely they must participate in the normal functionmgof the 
gland and the release o i the active principle of the thyroid — again 
normally — to the tissues of the body generally A number of ob- 
servers luve remarked on the presence of colloid within the lymphatic 
vessels but have failed to stress the significance of this finding 

Mcdul lymphatics of the superior area originate from lesser vessels 
within the upper portion of the isthmus and the medial portion of 
rhe superior poles, ascend to the prelaryngeal and thyrohyoid glandules, 
and finally reach the deep cervical or internal jugular chain l etween 
the lymph glands Lateral lymphatics of the superior area arise from 
the anterolateral and posterolateral surface of the superior poles of 
the gland, pass upward laterally in front of and behind the carotid 
artery, and termirate in the deep cervical glands 

from the inferior portions of the gland, lateral lymphatic vessels 
arise so as to dram the surfaces of the inferior pole and empty in the 
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vessels extending to the parattacheal and deep cerv teal glands Also, 
from the medial surface of the inferior poles and the inferior surface 
of the isthmus, medial lymphatics run to the deep cervical and su 
penor mediastinal glands, as well as drainage to the paratracheal and 
pretracheal glands 

Dcfimtel) direct connections between the lymphatic vessels and the 
\eins base been found b) se\eral investigators, no intervening l)mph 
nodes being present in these instances These direct channels between 
lymphatic vessels and \eins ha e been described not only in man) 
animals but in man as well 


Ncrvl Supply 

From the superior and middle cervical sympathetic ganglia arise 
perivascular plexuses of non medullated nerve fibers that accompany 
the superior and inferior thyroid arteries and are given off to the inter 
follicular connective tissue in such a way as to form (perifollicular) 
plexuses encircling the follicles Neurofibnllae extend from these 
perifollicular plexuses to the base of each epithelial cell where each 
filament terminates in a minute bulbous process In addition, some 
filaments from the superior and inferior laryngeal nerves pass into 
the gland 

As Simon (19-13) has observed a detailed knowledge of the sur 
gical anatomy of the recurrent laryngeal nerve is indispensable to safe 
thyroid surgery, anatomists and surgeons, however, give different de 
scriptions of the course and structure of this nerve According to 
some authors the nerve lies directly in the tracheoesophageal groove 
whereas other descriptions state that the nerve lies in a lateral position 
Higgins (1927), following a series of dissections, noted that the re 
current laryngeal nerve runs obliquely upward to the side of the 
trachea from its point of origin Iowler and Hanson (1929) reported 
on 200 dissections, according to their determinations, in 65 5 per cent 
of cases, the nerve was posterior to the inferior thyroid artery and, 
in 26 per cent of cases, anterior to this artery The nerve was found 
to be anterior to the artery on the right side in 18 cases but posterior 
to the artery on the left m 19 cases out of 22 dissections made by 
Berlin and Lahey (1929) Carrying out 12 dissections, Ziegelman 
(1933) reported the following determinations 17 cases in which the 
nerve was anterior to the artery, 12 cases in which it was posterior 
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to the artcr), and 13 cases in which the nerve was between the artcrj 
and the gland The findings of Weeks and Hinton (19 12) were essen 
tn!!) a confirmation of Ziegclman's determinations, further, they 
observed that 78 per cent of the nerves divide extralar)ngcall), man) 
starting their division at the level of the lower po'c of the gland 
Weeks and Hinton stress the fact that the external branch of the 
superior laryngeal nerve, which accompanies the superior arter), sup- 
plies the cricothjroid muscle, a tensor muscle of the larjnx, paraljsis 
of this muscle results rn hoarseness or a voice that becomes tired after 
moderate talking 

Histologv and Cytoloca 

Connective tissue septa arising from the internal capsule extend as 
a network throughout the gland and divide it into lobules which are in 
turn subdivided b) thinner septa primary lobules Tins lobulation is 
rcadil) observed grossl) and microscopical 1> in sections Further, finer 
extensions of connective tissue within each pnmarj lobule enclose 
and separate the histological units of the thjroid gland — the vesicle., 
or follicles which correspond to the acini of tjpical alveolar glands 
and which contain the colloid 

The perifollicular septa arc collagenous in nature A net of fine 
reticular fibrils lies just inside the collagenous network and is in inti 
mate contact with the follicular epithelium, separating it, according 
to some authors, from the perifollicular capillaries Some histological 
studies however, indicate that at least some of the numerous capillaries 
make direct contact with the epithelial cells lining the follicle 

Connective tissue (collagenous and elastic) is distributed not onl) 
as fibrous septa along the course of the blood vessels throughout the 
organ hut also in variable amounts as mtcrfoUicuJar connect ivc tissue 
mostly arranged along the larger blood vessels Nerves and lymphatic 
vessels as well as arteries and veins thread through the delicate con 
nective tissue framework of the ghnd 

In mfanc), there are especiall) prominent bands or hcav) columns 
of fibrous tissue winch divide the gland into fields The interlobular 
stroma at this age thus appears to set off groups of acini that are com 
ptetch separate from one another With increasing age of the 
individual, the broad bands of interlobular stroma gradualK lose their 
prominence and after pubertv the) are much less distinct In ad 
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vanced age, fibrous connective tissue is enormously increased and the 
heavy columns of interlobular stroma become prominent again Such 
bands of interlobular stroma should not be interpreted as fibrous 
tissue proliferation resulting from pathologic processes, as in jnflamma 
tion, when, as a result of inflammation, fibrous tissue invades the 
lobules, the acini are general!) destro)ed in large numbers 

The Acini 

The acini, or follicles, are closed vesicles, irregularl) rounded and 
htghl) variable in size They may be spherical, ovoid or even bifurcated 
The more centrall) located acini are generall) larger than those toward 
the periphery of the lobule and are, presumably, older In diameter 
the) range from about 0 035 to 1 millimeter The t)pical follicle is 
lined with a single la)er of epithelium which surrounds a lumen stor 
ing the colloid produced b) the lining cells, ver) earl) in their de 
velopment, acini consist on!) of some three or four cells and do not 
have a lumen 

In infancy, the acini are small and contain little if an) colloid 
The) reach their maximum size earl) in adult life In the later )ears 
of life, the size of the acini decreases progressive!) into old age 
(Rice, Hertzler) The acini of the senile person at times resemble those 
t)pica! of the infantile gland, although variation in follicle size within 
the same senile gland is greater than within the individual gland 
During the life span the size of the thyroid gland and the size of the 
acini increase and decrease in parallel fashion 

In the immature gland, solid masses of epithelial cells give rise 
to the acini, during early childhood, the proportion of developing 
acini to full) developed acini is relatively large After puberty, how 
esei , nfreracmai tttt Tim-res — ttpstscrAw'B wiY&r sw dcvttojwng 
follicles — are relatively few There is some evidence (Hertzler, 1939) 
that the senile follicle shows a tendency to reproduce but is able to 
give rise only to small and imperfect, perhaps functionless follicles 
Such small, abnormal follicles in the senile gland may, however, be 
merely degenerating follicles (Andrew and Andrew, see page 288) 

roll tele size varies considerably from gland to gland, but generally 
is fairly constant within the same gland It is affected by numerous 
factors — state of health, nutrition, medication, age and geographic 
locality (presumably because of varying availability of iodine) In 
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goitrous regions the follicles are smallest in non goitrous regions 
the) have the greatest average diameter and in moderatcl) goitrous 
regions their average si2e is medium or intermediate between the 
averages for goitrous and non goitrous regions In Minnesota ( mod 
cratcly goitrous region) Rice determined the average diameter of 
the follicles in the thyroid gland of the newborn to be approximate!) 
(k) microns the average diameters at the ages of 20 jears and 60 jears 
being 250 and 200 microns rcspcctivel) Corresponding figures for 
the same ages in a non goitrous region (Wichita Kansas) were re 
corded b> Hell wig (1933) as follows 70 microns (newborn) 280 
microns (at age of 20 )ears) and 170 microns (at age (0 jears) The 
acini of the North American gland arc on the average larger than 
those of the th)roid glands of Europeans 

Tiil Acinar Fpithiuum 

The epithelial cells lining the follicles arc highl) sensitive to the 
multiplicit) of influences Their size shape structure and activit) 
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(reproductive as well as normal physiological functioning) depend 
upon the age of the individual geographic locality, nutritional status 
availability of iodine (past and present) state of health medication 
temperature (of the gland) hypophyseal activity (thyrotropic hor 
mone) and other factors The height of the cells tends to increase 
during menstruation and pregnane) 

In infancy, these cells are cuboidal As the individual grows older 
and the acini increases in size some flattening occurs The smaller and 
more youthful (peripherally located) acini at any age (of the tndi 
vidual) generally possess the higher type of epithelial cell and the 
smallest amount of colloid During the greater part of adult life, the 
acinar epithelium most frequently consists of medium cuboidal cells 
but the apparentlj normal gland manifests variations ranging from flat 
or low cuboidal to high cuboidal or from low columnar to flat endothe- 
lioid cells Columnar cells however, are rare and restricted to small 
localized areas, most authorities regard them as definitely a patho- 
logical manifestation 

The more flat type of cell is usually found in the lining of the 
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larger, older and more central!) placed follicle, such a follicle contains 
the largest amount of colloid The shape of the cell is largely dependent 
upon the pressure of the collotd In colloid goiter, the cells are much 
flattened whereas in exophthalmic goiter, the cells are columnar, 
hjpertroph} and hyperplasia being involved 

The height of the cufcoidal cells ranges between 1 and 8 micra 
It is bc!ie\ed that cell height and physiological activity run parallel 
The higher cells arc more acme Two or more nuclei are usually 
present The nuclei of such acme cells arc more \csicular than those 
of lower, less acme cells, and are rourd or ovoid in shape, their axes 
being parallel to the cell margins As a rule, the nuclei occupy positions 
near the base of the cell Their network of chromatin is notably fine 
In old age, the epithelial cells become cuboida! as in infancy, this 
change being associated with the decreased size of the follicle Low 
cufcoidal cells seem to be characteristic of the senile state, although 
many flat cells arc observed 

Langcndorflfs collotd cells are now believed to be simply dead 
or dying epithelial cells quite like those which have been frequently 
described in many different types of epithelial membranes 

As regards the factor of geographic locality, it seems to be true 
that proliferation of the follicular epithelium is most extensive in 
goitrous regions moderate in ' moderately goitrous areas, and least 
extensive in non goitrous regions 

Effects of Thyrotropic Hormone Thyrotropic factor of the an 
tenor pituitary gland causes a rapid activation of the thyroid gland 
and hypertrophy of the epithelial cells Rcabsorption of colloid and 
release of thyroid hormone into the circulation arc associated effects 
Epithelial cell height is markedly increased (Raw son and Starr, 
1938), the actual measurement of the height of the thyroid cpithc 
hum may be used to determine the degree of hyperplasia produced 
by thyrotropic substance 

Effcas of Thiouracil and Related Substances Administration of 
thiouracd and related substances cause inhibition of the formation of 
thyroid hormone and, as a response to consequent excessive production 
of thyrotropic hormone, there is marked stimulation of growth of the 
thyroid gland The acinar cells undergo enlargement (hypertrophy) 
and multiplication (hyperplasia) The epithelium increases in height 
and undergoes papillary folding with which is associated loss of 
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follicular colloid Paschkis et al (1915) have shown that this hyper 
plasia occurs early in the course of thiouracil administration — within 
twenty four hours (normal rats) — and increases to a maximum after 
some ten days to two weeks, afterwards showing a decrease These 
workers explain this later diminution in mitotic activity as follows 
new formation of cells after the period of maximum activity senes 
onl) to maintain the number of cells present The effects of thiouracil 
are enhanced bj cold 

Effects of Cold Numerous investigations have established that 
chilling induces an increase in height of the follicular cells Because 
thyroid stimulation by exposure to cold is abolished by hypophysectomy 
or section of the pituitary stalk, this stimulation has been attributed 
to an increased production of thyrotropic hormone More recently, 
however. Turner and Turner (1945) have shown that w utro ex 
posure of thyroid tissue to lowered temperatures (4° C ) brings about 
a marked increase in height of the epithelial cells These authors sug 
gest the possibility that there is a direct temperature effect upon the 
cells of the thyroid gland Increases in cell height are marked within 
an hour in utro as contrasted with marked increase m cell height after 
only one half hour exposure to cold m the case of the intact experimen 
tal animal There is evidence that thyroid activity is decreased at higher 
temperatures (40* C ) Turner and Turner point out that the anatomical 
location of the thyroid in the neck and in intimate contact with the 
trachea permits the gland to respond rapidly to changes in environ 
mental temperature — an arrangement that may be considered to have 
physiological significance 

Intracellular Granules and Cell Inclusions 

Mitochondria These bodies, varying in size and shape from very 
fine granules to straight or curved rods of different lengths, are scat 
tercd irregularly throughout the cytoplasm of the epithelial cells They 
are found alongside the nucleus as well as at the basal and apical ends, 
i e , they exhibit no polarity As the cell increases in size, the number 
of mitochondria increases, but their relative number is not an index 
of the amount of secretion or the toxicity of the gland Their relation 
to the metabolism of the cell is still undetermined 

Centrosome A centrosome is situated in the distal portion of the 
cell near the lumen 
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Fat Droplets According to some authors the presence of fat 
droplets tn the distal portion of the cell is evidence in favor of the 
Mew that secretion takes place from the basal (proximal) part of the 
cell 

Golgi Net Usuall) located on the apical side of the nucleus but 
sometimes on the basal side, a reticular network — the Golgi net — has 
been assumed b) many authors to be an indicator of cell polarit), the 
assumption being that the network is situated on the secreting side 
of the nucleus 

Secretion Antecedents'* Investigators have long sought morpho 
logical evidence of secretion antecedents — cjtological precursors — 
of the substance secreted b) the cells Round droplets of colloid were 
first described b) Langcndorff Using special staining methods llcnsle) 
( 1916) identified a vacuolar substance at the extreme base of the cell 
(and therefore adjiccnt to the capillar) net) Bcnsle) believed that this 
substance is discharged directly into the blood stream — according to 
him the normal direct mode of secretion of the gland BcnslC) f hov\ 
ever suggested that there is an indirect mode of secretion also, m 
which the secretion becomes condensed in the cytoplasm in the form 
of droplets (colloid droplets) having a high content of solids, the 
colloid droplets are produced when the rate of secretion exceeds the 
body needs and are extruded into the follicular lumen As Dc Robcrtis 
has observed (1912), satisfactorj qtological data arc largcl) lacking 
as regards the changes in the intracellular colloid immediate!) follow 
mg stimulation of th)roid activit) b) injection of th)rotropic factor, 
common histological methods tend to mask the coJJoid droplets within 
the cells Dc Robcrtis found that, within a maximum of 60 minutes 
after injection of th)rotropic factor into rats and guinea pigs, cells 
arc activel) secreting toward the lumen, colloid droplets being formed 
near the nucleus and increasing in size as the) move toward the apex 
of the cell At points on the apical surface, cytoplasmic bulges con 
taming colloid droplets are released into the lumen b) rupture of the 
pedicle Hence De Robcrtis believes that the secretion of the th)roid is 
apocrine some of the cpoplasm pissing with the colloid (or precursor 
of the colloid) into the lumen After this carl) phase, however, a rc 
vcrs.il of the direction of secretion occurs secretion then being toward 
the base, at the same lime colloid stored withm the lumen is reab- 
sorbed According to De Robcrtis the cbromopbobic vacuoles oh- 
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served by various investigators are fixation artefacts, after preparation 
of tissue by the freezing drying method, the intrafoihcular colloid ap- 
pears quite homogeneous 

More recently, Thomas (1941), m a cytological study of the secre 
tion antecedents of rat thyroids activated by thiourea, observed that 
Bensley s basal vacuolar substance becomes strikingly apparent and 
can be seen distinctly in a position usually on the basal side of the 
nucleus, although at times partly surrounding the nucleus Generally, 
the basal \acuolac substance appears as a clear hyaline spherule, in 
frequently, it may be in the form of globules separated by fine cyto 
plasmic bridges Thomas s staining technique gave a very pale blue 
color to the basal substance whereas colloid droplets nearer the center 
of the cell took on a dense blue or red color In the case of large 
vacuoles shrinkage of their contents may give rise to secondary vacuoles 
of basal substance at the periphery of the main basal vacuole Thomas 
points out that the relation of Bensley s basal substance to intracellular 
colloid droplets has not yet been established Further, according to this 
author, thiourea appears to paralyze the basal secretion of the thyroid 
by an alteration m the permeability of the cell membrane to the ante 
cedent secretory substance, thus causing its accumulation within the 
cell Discharge of intrafoihcular colloid however, does not seem to 
be affected by thiourea and appears to proceed by the normal process 
of transcellular release of colloid 

Uhlenhuth has repeatedly observed minute granules, stamable in 
the living cell by use of neutral red, these granules may or may not 
have significance in relation to secretion By some, the finding of such 
inclusions in the proximal portion of the cell is considered evidence 
in favor of the theory that secretion is toward this side 

iNTRArOLLlCULAR COLLOID 

The colloid stored within the lumen of the follicle is clear and 
viscid in the fresh state After fixation, the colloid tn the normal 
thyroid of the young adult stains deeply with the acid dyes (eostn) 
Vacuoles frequently observed in the colloid (young adults) may be 
only fixation artefacts, according to De Robertis and others using the 
Altmann Gersh freezing drying technique, vacuoles seem to be rare m 
normal follicles of living animals Gersh and Caspersson analyzed 
colloid by means of the absorption of ultra violet light and found no 
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evidence to suggest unhomogcneit) of the colloid in areas within the 
same follicle, the chemical nature of colloid maj hones cr, \ar) from 
follicle to follicle in the same or in different thjroids From time to 
time a fen desquamated cells maj be found within the colloid 

Kmgsbur) and also Norris (1916) reported that colloid first ap- 
pears in the human th>roid at about the second or third month of fetal 
life but Lelkes (1935) found no iodine within the human thjroid 
until the fourth month of fetal life Hertzlcr (1939) has observed that 
a relativcl) thin colloid is characteristic of the immature gland (and of 
patients with exophthalmic goiter) In the )oung adult the colloid of 
the normal tfnroid is stained deep!) and homogeneous!) with cosin 
Lcblond (1913), stud)ing the localization of newlj administered iodine 
in the thjroid gland as indicated b> radio-iodine, recorded that iodine 
is rapid!) deposited in the colloid there being a greater deposition of 
iodine in the denser eosinophilic colloid The iodine is fixed in a 
form which is insoluble in the fluids used in routine histological tcch 
mques Basophilic colloid accumulates smaller quantities of iodine than 
does the acidophilic colloid According to Hamilton (1912), who 
also used radio-active iodine, the difference between the concentrations 
of tagged iodine in the epithelial cells and in the colloid is slight 
Other investigators have noted that the viscosit) of the colloid is re 
duccd after administration of potassium iodide and after injection of 
th>rotropic li)pophjseal hormone Williams (1911), in his studies on 
the properties of living th)roid cells and follicles experimental!) in 
duccd hemorrhage into individual follicles and thus obtained evidence 
that capillar) pressure is greater than colloid pressure and that colloid 
is not sufficient!) different from blood serum to bring about an) ob 
servable changes in cr) throe) tes In another recent report De Robertis 
stated that mtra follicular colloid diminishes after inversion of cell 
rolarit) i e when secretion is from the basal end of the cell instead 
of into the lumen (as immcdiatel) following injection of th)rotropic 
factor) 

Hcrtzler ( 1939) has made painstaking studies of changes in the 
colloid as age increases Whereas in the )Oung adult the colloid stains 
a homogeneous deep pink with cosin the onset of semlit) is marked 
b) a gradual change in the colloid from acidophilic to basophilic, 
colloid of the senile gland refuses eosin and accepts hcmatox)lm from 
the usual laborator) stain Andrew and Andrew (1912) found a 
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striking lack of homogeneit) in the colloid in old age, the amount of 
colloid being at the same time diminished These workers noted that 
in the senile gland the colloid is minutely vacuolated as well as thinner 
nearer the periphery of the lumen more solid colloid lying in the center 
of the follicle Andrew and Andrew stress the evidence that such 
vacuolization in old age is not artefactual, some follicles lack colloid 
entirely whereas in other (senile) follicles the colloid is definitely 
stratified, with solid, fissured colloid in the center and thinner finely 
vacuolated colloid next to the epithelial cells 

iNTERrOLLJCULAR CELLS 

A small number of lymphocytes and macrophages are normall) 
present in the mterfollicular connective tissue Diffuse or nodular 
lymphatic tissue, when encountered in the stroma of the thyroid gland 
is of pathological significance (see page 204) Occasionally in other 
wise normal thyroid glands, portions of displaced parathyroid tissue 
may be observed, less frequently, bits of thymic tissue may be present 

Interfollicular Epithelial Cells Small and large groups of inter 
follicular epithelial cells, no distirct lumen being observable, have 
often been described In a certain (probably small) percentage of 
cases, such cell groups may be fetal rests In many instances, however 
tangential sections through only a portion of a follicle 1 e , through 
a dome of an underlying acinus may produce the misleading picture 
of interfollicular masses of epithelial cells Then the cut is through 
just the apex of the follicle and not through the lumen, which another 
and deeper section would show 

A number of observers have reported histological evidence mdi 
eating that new follicles may be formed by budding but, if budding 
actually occurs, it must be frequent New follicles are seldom formed 
after puberty In old age, however, according to Rice (!938), not only 
is there a marked increase in interacinar connective tissue but also 
many interacinar groups of epithelial cells are characteristically present 
So-called buds in the normal gland of the young adult are probably 
in most cases artefactual an irregularly twisted follicle having entered 
the plane of the section 

Hertzler states that in childhood, clumps of epithelial cells are 
present between well formed acini, the interacinar aggregations possess 
mg no lumen (and, of course, no colloid) He points out that a well 
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defined transformation is to be observed as follicles develop (]) 
clumps of cells without a lumen, (2) developing acini with a small 
lumen and a small quantity of colloid, and (3) mature acini, each with 
lumen and normal amount of colloid The older the child the smaller 
is the number of such cell clumps (partiall) developed acini), after 
pubert), onl) a few such clumps arc to be found In the aged, Hertzlcr 
notes, the acini exhibit a tendenc) to reproduce themselves but succeed 
mere!) in producing small acini with fiat cells or cell clumps without 
lumen or colloid Whether or not sucli irregularly formed acini func 
tion has not been determined 

Andrew and Andrew (1912) offer considerable evidence to sup- 
port the view that, in old age, such intcracmar collections of epithelial 
cells represent degenerate acini, robbed of their stored secretion and 
no longer capable of secretion, having been forced into mere clumps 
of cells bj the encroachment of connective tissue 

Thomas (1911) reports having been able to observe the formation 
of true parafollicular cell nests following stimulation of the thyroid 
glands of rats by administration of thiourea These cell nests appear to 
be derived from the follicular epithelial lining Other investigators 
have reported the observation of migration of argyrophil parafollicular 
cells from the follicles into the surrounding connects e tissue (rabbits 
and dogs) 

Nomtirs in An Otw-rvijsi Normal Gland 

We may define a nodule as a localized area of new growth taking 
its rise within a lobule It is believed that metaplasia of the epithelial 
cells vv ithin a circumscribed area results in the formation of a nodule 
which thus represents a secondary lobule made up of normal thyroid 
tissue that has been displaced Such nodules arc frequently found in 
glands which appear to he quite normal otherwise Compression and 
some consequent alteration of the thyroid tissue tn the immediate 
vicinity of the nodule are observed, but pathological changes in the 
other portions of the gland have not been shown to result from the 
presence of the nodules 

Nodules arc extremely rare in infancy At puberty, some two to 
three per cent of otherwise normal thyroid glands will be found 
upon histological examination to have nodules The incidtncc increases 
markedly with age Rice (1938) states that in Minnesota the incidence 
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ma) be expressed b) the same figure as the age of the group of mdt 
viduals under consideration, thus, approximate!) 30 per cent of a 
group of individuals thirt) )ears old have nodules within their thyroid 
glands In adv anced life, nodules are present in most thy roids Nodules 
are not by any means always palpable clinically but are observed in 
gross serial sections 

According to a number of authors, nodules probably originate as 
a result of physiologic response to stimulation during life, especially 
during periods of physiological stress such as puberty in both males and 
females and the child bearing period in women 

Their incidence is higher in women than in men and is higher in 
goitrous than in non goitrous regions Clerc (1912) observed 
nodules in almost all thyroids of individuals more than fifty years of 
age in Bern Jaffc (1930) reported an incidence of 30 per cent m 
males and 44 7 per cent in females in Chicago Rice ( 1931) in Minne 
sota found nodules in 43 8 per cent of thyroids from males and 53 1 
per cent of those from females At Wichita, Kansas the incidence as 
determined in males was 36 7 per cent and, in females, 40 0 per cent 
(Hellwig 1933) As Nolan (1938) has observed, the average weight 
of the nodular thyroid is considerably greater than that of quite normal 
thyroids in all 3ge groups of both sexes 

Nodules differ widely in histologic structure Their follicles are 
of all sizes and shapes, often the epithelial cells are comparatively 
small Interacmar epithelium may be sparse or abundant Rice (1938) 
has remarked on the occurrence of bands of fibrous or hyaline stroma 
but states that no true interlobular stroma i$ identifiable He classifies 
nodules into four groups as follows (1) Colloid nodules, with large 
acini which are filled with colloid (2) Parenchymatous (fetal) 
nouuitrs x*aYi smaYi acrm ariA pieserfarig Ynt appearance xA vYryicrrA, 

ie, showing solid packs of epithelial cells (3) Nodules of mixed 
type, having a histologic structure in which the characteristics of both 
parenchymatous and colloid nodules are encountered ( l) Degenerate 
nodules, showing hemorrhage, cystic formation calcification and hyali 
mzation, such degenerative changes may be found m any of the other 
tv pcs of nodules 
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PHYSIOLOGICAL ASPECTS 

Physiology or run Thyroid Gland 

Secretory Activity. The thyroid gland has as its great if not sole 
function the production and storage of the hormone, thyroglobuhn 
or thyroxin, which has highly important roles in metabolism, growth, 
and deselopment The secretory units are the acini, or follicles, their 
cells elaborate the thyroid colloid and store it within the follicle lumen 
Algire, m his studies of the thyroid gland of the living salamander, has 
found evidence that the thjroid cells ma> secrete the colloid directly 
into the circulation rather than into the follicle Other authors state, 
however, that the colloid normally passes first into the follicle, and 
thence into the circulation (Williams and De Robertis) Lerman was 
unable to detect thyroglobuhn m the blood of the thyroid vein or in the 
peripheral blood of either normal persons or persons with thyroid 
disease Hence, he suggests that enzymic digestion of the large thyro 
globulin molecule must occur in order to permit diffusion of active 
fragments (especially thyroxin) through the follicle membrane De 
Robertis has found proteolytic enzyme activity in colloid extracted 
from single follicles of rat thyroid, presumably, these proteolytic cn 
zymes are the ones which bring about digestion of thyroglobuhn so that 
its fragments may pass through the semipermcable follicle wall Ob- 
MOUsly these considerations raise the problem of the chemical nature 
of thyroid hormone 

Chemical Nature of Thyroid Hormone. As early as 1874, Gull 
reported a cretinoid syndrome supers emng in adult life in women, 
this condition being associated with spontaneous atrophy of the thy 
roid Later, Reverdm and Kocber (in 1883) noted that a closely sim 
ilar syndrome ensued from total removal of the thyroid As a result, 
the existence of an actise principle manufactured by the thyroid was 
soon surmised And by 1891 Murray was subcutaneously injecting a 
preparation of sheep thyroid to treat hyperthyroidism in human beings 
Within a year, MacKen 2 ie and l ox had obsersed that oral admimstra 
1921 
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tion of thyroid preparation is as effective orally, in suitable dosage, as 
when injected Magnus Lev) next discovered (1895) the effect of 
thyroid on metabolic rate As soon as the existence of an active con 
stitucnt thyroid was universally recognized, efforts to isolate it were 
instituted In 1896, Baumann discovered that the thyroid contains 
iodine m organic combination Tins iodine is bound to a globulin to 
form lodothyroglobutm, which is as active physiologically m hypo 
thyroidism as is whole thyroid (Hutchinson and Oswald) Baumann, 
Oswald, and other investigators obtained highly potent protein frac 
tions, which were also high in iodine content, from the colloid of 
thyroid It was not until 1915, however, that H C Kendall announced 
the isolation, in crystalline form, of a compound thyroxin — containing 
iodine and having the physiological activity of the long sought thy 
roid principle Kendall obtained thyroxin from among the hydrolytic 
products of thyroglobuhn This substance was later (1926) shown 
to be an amino acid (Hanngton) 

In 1927, Harington and Barger combined two molecules of the 
amino acid, dnodoty rosine, to synthesize thyroxin With Randall, Har 
ington isolated dnodoty rosine from thyroid in 1929, it has been shown 
that thyroxin is 10,000 times more active pharmacologically than 
dnodoty rosine Further, thyroxin accounts for only 30 per cent of 
the total iodine of normal whole thyroid whereas the remaining 70 
per cent is combined as dnodoty rosine No other iodine-containing 
compounds have been isolated from thyroid materials 

Thyroxin can be made outside the thyroid gland The administra 
tion of inorganic iodine to completely thyroidectomized animals will 
raise the basal metabolic rate and will produce the specific changes in 
the epiphyses of the long bones characteristic of the action of thyroxin 
The thyroid, however, in all probability is not simply a collection depot 
for the hormone which is formed in tissues other than those of the 
thyroid Administered inorganic iodine is stored m the normal thyroid 
at eight times the rate at which it would be expected to pass into the 
gland if a uniform distribution throughout the body were to be as 
sumed Iodine is accumulated by the hyperplastic thyroid 300-400 
times as rapidly as by other tissues It must be assumed that although 
other tissues can manufacture thyroxin, the thyroid is an organ special 
ized for the production of the hormone at a far higher rate than is 
possible for any other tissue 
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Other studies indicate that most of the blood iodine is in organic 
form, bound to protein and can be separated into ' thyroxin like and 
dnodotyrosme like’ fractions, the ratio of these fractions being the 
same as that of thyroxin to dnodotyrosme in thyroglobulin But the 
blood does contain circulating hormone, there being a higher hormone 
level in hyperthyroidism than in hypothyroid patients or normal mdi 
viduals The present evidence indicates that thyroxin is not the circu 
lattng hormone, m tttro thyroglobulin increases the metabolic rate 
of tissues, vv hereas thy roxm does not The thyroxin like fraction does 
not appear to be thyroxin 

In 1930, Hanngton and Salter reported the isolation of a poly 
peptide containing thyroxin, 50 per cent of this substance is iodine 
Thyroxin polypeptide has been shown to have the same physiologic 
activity (in terms of calongenic action) orally or intravenously On the 
basis of iodine content, thyroxin and thyroxin polypeptide have the 
same physiologic potency , but, paradoxically, the potency of whole thy 
roid is markedly greater than that of thyroxin polypeptide containing 
an identical percentage of thyroxin iodine Apparently, the calongenic 
activity of whole thyroid depends upon total organic iodine, rather 
than upon thyroxin iodine Hanngton and Salter have suggested 
an explanation of the fact that whole thyroid iodine is more active than 
the total thyroxin present a peculiar peptide linkage within whole 
thyroid and, possibly, a peculiar optical activity resulting from the 
peptide linkage Salter and Lerman have synthesized an active protein 
from a practically inert dnodotyrosme, this may be regarded as cvi 
dence supporting the explanation of Hanngton and Salter Discussing 
the biochemical basis of thyroid function, Hanngton has expressed his 
belief that the thyroglobulin molecule has higher physiologic activity 
because of the existence of a special linkage between thyroxin and 
duodotryosine, this linkage is split when thyroglobulin is hydrolyzed to 
obtain thyroxin It is obvious that the true active principle of the 
gland remains unrevealed 

Calongenic Action The primary action of thyroid hormone is its 
calongenic action — that is, the effect of the hormone on the metabolic 
rate and heat production Under the influence of the hormone, the 
cells metabolize at a faster rate, as a result, oxygen consumption and 
carbon dioxide production are accelerated, while urinary nitrogen in 
creases Some sixty to eighty days subsequent to extirpation of thyroid 
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tissue, metabolism declines to approximate!) 40-45 per cent below 
normal If th)roid is then administered, the metabolic rate is increased, 
the extent of the increase in metabolic rate depends upon the dosage 
The cells of all tissues seem to be affected, but, despite the increased 
rate of metabolism, the relative rates of oxidation of carbohydrate, fat 
and protein remain unchanged and the respiratory quotient is not al 
tered It: utro tissue from thy roidectomized animals has a low me 
tabolic rate, whereas tissue from hyperthyroid animals has a high 
metabolic rate Also, in utro, thyroglobulin causes an increase in the 
metabolism of tissues Thus, the calongemc action of the hormone does 
not depend upon muscular or nervous activity or upon the functioning 
of the adrenal glands It is generally believ ed that the thyroid hormone 
is not itself an independent, direct acting catalyst but that it exerts its 
action through its effects on the respiratory enzymes within all tissues 
Zondek, however, has suggested that the hormone does exert its effect 
directly on the cell, but is not enzyme like, its effect depends upon the 
presence of intact. In ing cells Other reports indicate that thyroid hor 
mone may increase the activity and even the quantity of respiratory 
enzymes It is evident that the precise way in which thyroid hormone 
increases the rate of oxidative reactions is still undetermined 

Actions on Growth and Development The presence of adequate 
thyroid hormone is indispensable to normal growth and development 
Cretinism, with its dwarfism and juvenile habitus, is a result of con 
genital athyreosis In juvenile myxedema, epithyseal union and the 
development of ossification centers are delayed Sexual development 
is retarded and ultimately stunted Experiments on young, developing 
animals likewise demonstrate the importance of thyroid hormone in 
controlling growth and maturation Thyroidectomy is followed by re 
tarded physical, sexual, and mental development and by permanent 
stunting Administration of thyroid accelerates metamorphosis and rate 
of maturing of amphibia In mammals, accelerated grow th of epiphy 
seal cartilage results from thyroid administration, eruption of teeth 
occurs earlier than normal If instituted early enough in juvenile 
myxedema, thyroid therapy can make efficient use of the maturation 
stimulating properties of the hormone to induce resumption of growth 
and development Nevertheless, in many cases, hypothyroidism and its 
effects are never satisfactorily counteracted, the patient being subnormal 
physically and mentally throughout his life In adult myxedema, the 
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Tig 19A and B Sporad c cret n sm In Tig 19A the appearance of the boy 
age five before treatment is shown Note the s ipraclavicular pads of fat the 
scanty ha r and the course features In Tig 19B tie mprovement follow ng 
treatment is illustrated Note the d sappearance of the supraclavicular pads the 
growth of hair and the improvement in the feat 1 res (Prom Joll C A 
Diseases of it e Tbyoid Gta J London Wm Heinemann Med cal Books 
Ltd ) 

epidermal cells do not reproduce at normal rates and the growth of 
nails and hur is retarded In growth and development the role of 
thyroid hormone is fundamentally different from that of pituitary 
growth hormone normal growth of hypophysectomized animals is not 
promoted by thyroid hormone Norma! growth depends upon the 
normal functioning of both the thyroid and the pituitary 

Relation of Thyroid Hormone to Food Factors High protein 
diets eventually induce thyroid hyperplasia in experimental animals 
gottrous enlargement similarly ensues from prolonged feeding of 
high fat diets cabbage fed to rabbits has been shown to be goiter 
igenous because of its cyanide content alfalfa hay has a like effect 
for the same reason Vitamin deficiencies (especially vitamin D 
deficiency ) will likewise result in hypertrophy and hyperplasia of the 
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r g 20 Skiagrams of the right foot at the age of five )ears (A) Sporad c 
cret n (B) Normal child Note that in (A) only four tarsal bones ha\e 
ossific centers wh le in (B) seven are to be seen and in add t on the ep physes 
for the base of the first and for the heads of the other metatarsals are v s ble 
(From Joll C A D seases of tl e Tbyro d Gla d London Wm He nemann 
Medical Books Ltd ) 


gland Inanition may actually suppress the production of thyrotropic 
hormone and thus cause the thyroid to undergo involution 

On the other hand some workers have reported an antagonism 
between certain vitamins and thyroid hormone vitamin A for m 
stance has been reported to be more rapidly destroyed in hyperthyroid 
ism than in the normal individual Lewis has found that vitamin C 
is excreted in diminished amounts following the onset of hyperthyroid 
ism Various other investigators have claimed that vitamin metabolism 
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is m one way or another affected by the le\ el of thyroid activity 
Nevertheless only two findings seem established definitely with regard 
to thyroid and the metabolism of the various food factors (1) un 
balanced diets have adverse effects on thyroid activity, generally caus 
ing thyroid enlargement, and (2) in hyperthy roidism, there is an in 
creased requirement for all nutrients, including the vitamins 

Influence on Carbohydrate Metabolism Probably as a result 
of the calorigenic action of thyroid hormone, the lev el of thyroid ac 
tivity has influences on carbohydrate metabolism Althausen and Stock 
holm have observed that the absorption of different sugars is retarded 
rn thy roidectomized animals and accelerated in animals receiving 
thyroid or thyroxin Dextrose tolerance tests in myxedematous pa 
tients and in cases of exophthalmic goiter would therefore seem to 
reflect or indicate levels of thyroid activity Depletion of hepatic 
glycogen sugar and protein results from administration of thyroid or 
thyroxin Sternheimer noted changes in liver glycogen following a 
single injection of thyroxin the changes occurring before the rise in 
oxygen consumption Thyroid administration is known to be a dis 
turbmg factor in hypothyroid patients with diabetes melhtus, onset 
of hyperthyroidism in mild diabetes often causes an exacerbation of 
the patients condition Thyroidectomy is followed, in experimental 
animals by excessive storage of hepatic glycogen In certain instances, 
total thyroidectomy has been used as a therapeutic measure in diabetes 
melhtus 

Effects on the Nervous System The nervous system like the 
other systems of the body, reflects the activity of the thyroid gland 
As a rule, during hypofunction of the gland, there is a low level of 
mental and emotional activity, cerebration is retarded memory lapses 
occur, and sensory acuity is diminished The whole nervous system seems 
sluggish, the \egetati\e nervous system shows lowered functioning, 
vasomotor and peristaltic activity being diminished In hyperthyroid 
ism, irritability of the entire nervous system is increased to such an 
extent in many cases that nervousness and emotional instability is mam 
fested, headache and tremors being frequent results of the higher mten 
sit) of reaction 

The electroencephalogram provides an objective means of measur 
mg physiologic activity of the human brain In myxedema, the cerebral 
cortical alpha rhythm is characterized by a comparatively low fre 
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quency and low amplitude As a consequence of thyroid admimstra 
tion, frequency and amplitude of the alpha waves rise to normal 
At the same time, the patient s mental response attains a higher level 
and the vegetative nervous sj stem increases the tempo of its activity 
Effects on the Circulatory System Normal thyroid function is an 
important factor in normal circulatory action In hypothyroidism, 
there is a reduction in cardiac irritability and tone and in the minute 
volume of the heart, pulse pressure falls and circulation time is pro 
longed Myxedematous changes in the heart muscles cause a decrease 
in cardiac efficiency, the heart being enlarged and flabby There may be 
decompensation, with pitting edema of the extremities The electro- 
cardiogram is altered from the normal, the amplitude of all com 
plexes being less than normal, m leads 1, 2 and 3 the T waves may be 
inverted As a rule, these circulatory abnormalities characteristic of 
myxedema disappear and the functioning of the circulatory system 
returns to normal following administration of thyroid in adequate 
dosage 

Hyperthyroidism is featured by increased pulse rate, palpitation, 
high pulse pressure, and generally a bounding pulse There is some 
evidence that a substance having a specific stimulating effect upon the 
heart rate is elaborated by the thyroid, this substance is presumably 
distinct from the principle exerting calongenic action Lerman has 
suggested that direct action of the thyroid hormone on the cardiac 
musculature may explain the lowered cardiac tone in myxedema and 
the increased tone irritability in thyrotoxicosis 

Hematopoiesis and the Thyroid Myxedema is often accompanied 
by a secondary anemia administration of thyroid usually brings about 
a gradual restoration of the normal blood picture A severe anemia of 
the aplastic type associated with atrophy of the thyroid acini and 
sclerosis of the gland was reported by Jaffe in 1938 Lerman and 
Castle have pointed out that pernicious anemia and myxedema may 
coexist Many patients with pernicious anemia, however, have an in 
creased metabolic rate 

Effect on Serum Cholesterol Thyroid hormone has been reported 
by many investigators to have effects on blood cholesterol level In 
many cases, hypofunction of the thyroid is accompanied by an increase 
in serum cholesterol, a decline of serum cholesterol to within the 
normal range may follow administration of thyroid Correspondingly, 
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in hyperthyroidism blood cholesterol is lowered Wilkins and Fleisch 
man have noted sanations in the serum cholesterol content follow 
ing administration of thyroxin, they belies e that such variations may 
aid m the diagnosis of doubtful cases of thyroid dysfunction Pos 
sibly, the lower metabolism in hypothyroidism involves a less com 
plete oxidation so that the cholesterol content of the blood rises, 
whereas in hyperthyroidism the more intense metabolism causes a 
more complete combustion of lipoid so that the cholesterol level in 
the tissues and body fluids is lowered Definite conclusions must be re 
served, however, because all workers have not noted marked differences 
in serum cholesterol levels under varying conditions of thyroid activit y 
or following administration of thyroid or thyroxin 

Thyroid Hormone and Water Metabolism Normal water me 
tabohsm involves the activity of the thyroid hormone, which has 
effects on the distribution of proteins and salts According to Boothby 
and co w orkers, extra protein — deposit protein — is stored in the 
body fluids m myxedema, rapid oxidation of this deposit protein re 
suits from administration of thyroid, and the extra water and salts 
previously bound to the protein are excreted It has been suggested 
that the deposit protein is a mucoprotem possibly derived from the 
cellular ground substance Plasma volume is decreased in hypothyroid 
ism and plasma protein is increased, Thompson lias found that ad 
ministration of thyroid brings about a return to normal To some degree 
in the normal subject as m the myxedematous patient, thyroid is diu 
retie Byron has found that, m hyperthyroidism, the diuresis subsequent 
to thyroid administration is accompanied by a Joss chiefly of sodium 
salts, whereas chiefly potassium salts are eliminated following the 
diuresis brought about in normal subjects by dosage with thyroid 
Consequently, it is believed that the fluids thus lost in myxedema are de 
rued forge!} from exiraceiiuh v sources, whereas, m norma) subjects 
thyroid induced diuresis is largely at the expense of intercellular 
sources 

Thyroid Hormone and the Metabolism of Inorganic Salts The 
le\el of thyroid actiuty has important effects of the metabolism of in 
organic salts In hypothyroidism, urinary excretion of calcium ts dc 
creased, bone density being increased, but in hyperthyroidism, decalci 
fication of the skeleton may take place, urinary calcium being at a 
higher than normal le\el Nevertheless, in both conditions, serum cal 
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cium levels are normal Thyroid administration to myxedematous pa 
tients brings about higher calcium retention Phosphorus metabolism 
is influenced in parallel fashion, the rate of exchange of phosphorus 
being diminished in hypothyroidism and increased in hyperthyroidism 
Studies on the effect of hyperthyroidism upon the chemical composition 
of bone have demonstrated that thyroid hormone in excess disturbs 
the normal deposition of calcium and phosphorus and thus may bring 
about retardation of bone formation 

The important effects of thyroid hormone on metabolism of salts 
are strikingly shown in the precipitation of an Addisonian crisis by 
the unwise administration of thyroid to patients with hypothyroidism 
secondary to pituitary dysfunction Thyroid hormone causes increased 
urinary excretion of sodium and chloride In primary hypothyroidism, 
urinary excretion of chloride is lower than normal, thyroid admimstra 
tion increases the rate of urinary elimination of chloride usually to the 
normal rate 

In hypothyroidism secondary to pituitary dysfunction, however, 
the urinary' excretion of sodium and chloride is high because of adrenal 
cortex insufficiency, the levels in the blood being abnormally low 
Thyroid administration in such a case increases the already excessive 
elimination of sodium and chloride, and thus induces a crisis 

Muscular Response to Thyroid Hormone In hypothyroidism, the 
muscles generally exhibit hypotonicity, an indication of the interstitial 
edema of the fibers which is observed upon histological examination 
Myxedematous infiltration of the cardiac musculature is common, ad 
ministration of thyroid reverses the changes and the heart size is re 
stored to normal as the edema disappears Thyroid hormone increases 
muscular tone and irritability, as in hyperthyroidism On the other 
hand, in hyperthyroidism definite degenerative changes in muscles 
may occur Thyrotoxicosis may lead to myasthenia and, in advanced 
cases, to severe muscular atrophy 

The Thyroid and the Endocrine System 
The thyroid is one of the units in the endocrine system and there 
fore influences and is influenced by the other glands of this integrated 
group 

Relation to the Pituitary As is universally recognized, the hot 
mones of the anterior lobe of the hypophysis exert effects upon all the 
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other endocrine glands including of course, the thyroid Injections of 
thyrotropic extract induce the changes characteristic of exophthalmic 
goiter — increased size of thyroid loss of colloid, and iodine, cellular 
hyperplasia and hypertrophy, and development of the irregular type 
of follicles There is further, a rapid increase in metabolic rate Mas 
sive doses of thyrotropic extract may in certain instances have beneficial 
effects in hypothyroidism resulting from hypofunction of the pituitary 

involution of the thyroid is a sequel to pituitarectomy, as many 
investigations have demonstrated, but in most cases a full blown 
athyreosis does not ensue the dominant feature being myxedema Hy 
peractivity of the thyroid appears to cause a reduction of the output of 
thyrotropic hormone by the pituitary Involution of the pituitary fol 
lows administration of thyroid, which also increases the gonadotropic 
potency of the former gland As early as 1888, Rogovvitsch demon 
strated that total thyroidectomy results in pituitary hypertrophy in 
rabbits Atrophy of the thyroid may be produced by thyroxin adminis 
tration the atrophy is similar to that observed following hypophysec 
tomy and has been attributed to the depressing effect of thyroxin on 
the anterior lobe of the pituitary 

Relation to the Adrenal Cortex Hypertrophy of the adrenal cortex 
may be brought about by administration of thyroid Moreover, doses 
of thyroid have been known to precipitate a crisis of adrenal failure 
(Addisonian crisis) in patients with hypofunction of the adrenal 
cortex the crisis is m all probability the result of increased excretion 
of salt as in hypothyroidism secondary to pituitary dysfunction 
Desoxy corticosterone, as has been shown in experimental animals, not 
onl) mi) counteract the calongemc action of thyroxin but also may 
hinder the enlargement of the adrenal cortex that would otherwise 
result from thyroid administration 

Relation to Adrenal Medulla Thyroid administration increases the 
sensitivity of response to epinephrine, and in hyperthyroidism the same 
exaggerated response is characteristic — hence the Goetsch test for 
hyperthyroidism Lerman has suggested the possibility that hypofunc 
tion of the adrenal medulla may be a factor in the genesis of hyper 
thyroidism in human beings 

Relation to Sterility and Abortion In hyperthyroidism, fertility 
is reduced, thyroid administration tends to restore normal reproductive 
function Fvcn when no definite cause can be determined, both sterility 
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and habitual abortion may respond favorably to th)roid hormone 
Hertoghc has pointed out that, in a great many cases, thyroid is an 
excellent therapeutic agent m cases of inexplicable sterility Means be 
lieves that, ‘with the exception of true myxedema, there are perhaps 
no conditions m which the use of thyroid is more important than in 
the treatment of sterility and habitual abortion, thyroid should be pre 
scribed in any case of infertility not traceable to some definite local 
cause This applies whether the basal metabolism is standard or sub 
standard In fact, it has been repeatedly reported that small doses 
of thyroid promote conception in women who have previously been 
unable to become pregnant and, also, that moderate thyroid rations tend 
to prevent abortion m those women who have previously aborted 
It has been shown, moreover, that the male gonad is stimulated by thy 
roid hormone Spermatogenesis has been improved and fertility in 
creased by the administration of thyroid to patients who had many 
defective spermatozoa 

Nevertheless, the relationship of thyroid hormone to reproductive 
capacity remains quite obscure It is possible that the more intense 
metabolism induced by supplying the hormone in larger than ordinary 
quantities may bring about heightened functioning of the reproductive 
organs and perhaps have a beneficial effect upon the metabolism of 
spermatozoa and ova 

Relation to Menstrual Disturbances Gratifying results are often 
obtained when thyroid is administered in cases of menstrual disorders 
whose etiology may be quite obscure The physiological influences in 
volved in such amelioration of these dysfunctions of the female repro- 
ductive system are not known Nevertheless, the successes reported are 
both numerous and impressive In one senes of cases, Mussey and 
zdOTAwvsterai disy/cited to 22 piAuewte had bad 

periods of amenorrhea, 59 per cent menstruated more regularly after 
receiving thyroid These workers have reported beneficial effects m a 
larger number of patients with menorrhagia, oligomenorrhea, and 
amenorrhea The basal metabolic rate was low but myxedema was not 
present In 73 per cent of the cases of menorrhagia, 72 per cent of the 
cases of amenorrhea, and 55 per cent of the patients with oligomenorr 
hca, menstrual flow was definitely rendered more nearly normal Gen 
eral health was improved in 75 per cent of the patients after elevation 
of basal metabolism to within the normal range 
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Iodine and Thyroid Physiology 

The iodine supply and the iodine content of the thyroid are im 
portant factors in its normal and abnormal functioning Iodine intake 
is the most important factor among those determining the iodine con 
tent of the gland, and small differences in this intake are reflected in 
the total iodine content When smaller doses of iodine are admims 
tered, a relatively higher percentage of iodine is fixed by the thyroid 
than when larger doses are given After iodine ingestion, the iodine is 
taken up by the blood stream, which quickly transports it to the 
thyroid The gland rapidl) converts the iodine into organic compounds 
Within a few hours, these iodine compounds are present in the general 
circulation 

Iodine is stored in the th>roid in the form of thyroxin and duodo 
tyrosine As a rule, the total iodine content of the thyroid varies di 
rectly with its weight, but the relative iodine content is inversely pro 
portional to the gland weight, as Baumann observed in 1896 The 
average human thyroid weighs approximately 25 Cm and, as the 
storehouse of iodine, normally contains about 10 mg of this ele 
ment The concentration of iodine in the gland is therefore about 40 
mg per 100 grams of glandular tissue When the concentration falls 
below 10 mg per 100 grams, hyperplasia follows, goiter may develop 

Iodine deficiency may be * absolute, ‘ as in iodine poor regions 
Relatue deficiency results when the intake is low and there is an in 
creased need for thyroid secretion, as in puberty, pregnancy, lactation, 
infection, other conditions increasing strain on the organism, con 
ditions hindering absorption of ingested iodine Endemic goiter and 
its sequelae, as Marine states, is primarily a result of iodine deficiency, 
iodine of course being essential to the production of the thyroid hor 
mone into whose structure the iodine-containing amino acids, thyroxin 
and duodof) rosme, are integrated The iodine content of die diyrurd rs 
proportional to the amount of the colloid present in the gland Hence, 
in colloid goiter, the concentration in the colloid is below normal range 
The average total blood iodine, however, may be within the normal 
range 

In exophthalmic goiter, administration of iodine may or may not 
cause a decrease in size, usually, there is simply no further enlarge 
ment, although occasionally a marked regression may be brought 
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about As Curtis and Fertman have stated, it has not been definitely 
proved that the administration of increased amounts of iodine to pa 
tients with goiter will ordinarily induce hy perthy roidism On the other 
hand, supplemental iodine has been shown to be ordinarily beneficial 
in the preventive treatment of endemic goiter Kimball found that 
the use of iodized salt was followed by the development of hjper 
thy roidism in on!) 4 per cent of patients with goitrous adenomas , 
increased thyroid activity was manifested eventually in 56 per cent of 
patients with goitrous adenomas who received no supplemental 
iodine (iodized salt) or iodine medication Iodine supplements in the 
form of iodized salt or as iodine added to drinking water therefore are 
assumed to be quite safe for the general population 

Nevertheless, an excess of iodine is m all probability obtained by 
those who habitually use the iodized salt available in this country This 
salt supplies some 200 mg of iodine per kilogram, if 5 gm of 
iodized salt is ingested daily, the individual gets 1 mg of iodine, or 
about 5 times the estimated requirement Marine has expressed the 
belief that iodine requirements would be met satisfactorily and safely 
by the use of iodized salt containing only 10 mg of iodine per kilogram 
The estimated iodine requirement of the normal thyroid is approxi 
mately 0 2 mg daily te, somewhere between 100 and 200 micro- 
grams nearer the latter figure for the average adult, weight 70 kg 
(The pregnant and lactating woman requires somewhat more iodine ) 
The amount of iodine estimated as necessary to maintain normal 
metabolic activity is 2 micrograms per kilogram of body weight daily, 
the estimated basal requirement is 1 microgram per day Hence, 3 micro- 
grams per kilogram of body weight can be assumed to meet the daily 
requirements An adequate iodine supply is essential not only to the 
elimination of endemic goiter but also to a reduction in the incidence 
of non toxic adenoma and probably toxic adenoma and carcinoma 

Substances Having Calorigemc Action 
Certain other substances have been reported to have calorigemc 
action similar to that of thyroid hormone, thyroglobuhn, thyroxin and 
duodotyrosme Some of these calorigemc compounds are closely re- 
lated to thyroxin but any alteration in the structure of the thyroxin 
molecule reduces calorigemc potency Tyrosine has been found to have 
a calorigemc effect approximately one two thousandth that of thyroxin 
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Lerman has investigated this efTect of tyrosine, which he administered 
to myxedematous patients in doses as large as 1 5 Gm daily, this 
dosage containing the equivalent of the tyrosine in 40 Gm of thyroid 
protein, he detected no metabolic change 

Diiodothyronme has been reported to be fifteen times as active as 
duodotyrosme, but one seventeenth as active as thyroxin (Canzanelli 
and Rapport) Lerman and Salter, however, found that crystalline 
3, 5 diiodothyronme has an activity only about one thirtieth to one 
fortieth that of whole thyroid in terms of iodine Lerman concludes 
Thus one must consider a molecule containing two atoms of iodine 
attached to a tyrosine nucleus as the minimum requirement for a 
substance having thyroxin like physiologic properties He believes 
that the production of thyroid hormone involves two processes (1) 
the construction of colloidal molecules from simpler polypept de 
chains, and (2) the combination of lodmated tyrosine residues to 
yield lodmated thyronine residues Cohn, Salter, and Terry have sug 
gested the mechanism of the second process, these investigators demon 
strated that the phenolic groups of duodotyrosme may undergo con 
jugation to yield an iodized thyronine nucleus Harington has pointed 
out that, in all probability, tyrosine is converted into duodotyrosme, 
which m turn is to form from thyronine and subsequently, thyroxin 
It would seem possible that thyroid hormone may be formed simply 
by the introduction of iodine into the tyrosine nucleus — and pre 
sumably tins reaction may occur in practically any tissue, although 
thyroid tissue is specially adapted to the production of thyroxin in 
large amounts 

Hvpor UNCTION 

Primary Hvpothyroidism Primary hypothyroidism results from 
absence or loss of secreting tissue (I) in atrophy of unknown etiology 
(cretinism and spontaneous myxedema), (2) in infection, or (3) in 
subtotal thyroidectomy 

Cretinism (Myxedema of Infancy) Cretinism in the United States 
has been sporadic — i e , the cretin is a child of apparently normal 
parents Endemic cretinism occurs m older countries where endemic 
goiter has been present through many generations of an iodine deficient 
population In both sporadic and endemic cretinism the characteristic 
manifestations of hypothyroidism (myxedema) are observed The 
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classical picture includes subnormal basal metabolic rate, retarded 
growth and stunted physical and mental development, sluggishness, 
dullness, delayed bony development, failure to grow in length, de 
layed or abnormal dentition, and constipation If the cretin remains 
untreated, the typical cretinoid facies appear, the skin becomes dry 
and scaly and the child develops the characteristic pot belly Other 
common symptoms and signs are subnormal genital grow th, muscular 
incoordination, deafness, and various types of mental abnormality 

The classical picture, however, is not always seen The cerebration 
may be nearly or quite normal, as may skeletal development The skele 
ton may attain normal proportions even if treatment is delayed for a 
year or two after birth Nevertheless, almost invariably, even slight 
delay m administration of thyroid causes irreparable damage to the 
infant Drain Tor instance, it may be inadvisable to give any treatment 
in certain cases of advanced cretinism because the patient has a primi 
tive brain and subnormal emotional control, thyroid administration 
may overstimulate such patients 

Myxedema Classical myxedema, or marked hypothyroidism in 
childhood, adolescence and adulthood, commonly presents tne fol 
lowing symptoms and signs subnormal basal metabolism, mental and 
physical sluggishness, slow heart rate, dullness of the sensonum, dis 
tended abdomen constipation, flatulence, loss of libido sterility, dry 
and scaly skin (often yellowish), loss of hair, hoarse voice (swollen 
tongue and larynx), and puffy appearance of eyelids, face, and hands 
In addition, frequently the myxedematous individual complains of 
vague pains, sensitivity to cold and fatigability In the female, men 
strual disorders are almost always manifested 

The increased weight results from deposition of water, the edema 
of myxedema is in all probability to be attributed to an albuminous 
deposit similar to egg albumin The typical myxedematous appearance 
usually does not develop until the metabolism falls some 20 to 25 
per cent below normal In complete absence of thyroid activity, basal 
metabolism may be 40 to 50 per cent below normal In atypical cases, 
the basal metabolic rate may be within normal limits, the clinical pic 
ture of paradoxical hypothyroidism may still less frequently be 
seen — the symptoms and signs suggesting hyperthyroidism The chief 
presenting symptoms may be psychic anxiety, neurosis, depression, 
dementia or even mania Subnormal metabolism, however, is usually 
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suggestive Response to thyroid is the infallible guide to diagnosis 
in all doubtful cases 

When the thyroid ceases completely to function or is removed, and 
when treatment is withheld, the basal metabolism does not decline to 
its lowest level until after two or three months And the symptoms and 
signs characteristic of myxedema usually do not appear for several 
more weeks or even months The menstrual flow may be scanty or 
excessive, there may be delayed or irregular menstruation or even 
amenorrhea 

Known etiologic factors are thyroidectomy, thyroid infection, and, 
rarely, iodine administration (preoperatisely or postoperatively), to 
patients with exophthalmic goiter The condition may occur following 
the spontaneous disappearance of exophthalmic goiter Most frequently, 
the cause of myxedema is quite obscure — spontaneous myxedema 
Mild myxedema may be present from early childhood and gradually 
become more severe as the decades pass The condition has its highest 
incidence during the 4th, 5th and 6th decades The disease is 4 times 
more frequent among women than among men, the etiologic signifi 
cance of this fact is unknown 

Besides reduction in basal metabolism, other physiological changes 
arc observed in typical cases although by no means in all cases Blood 
changes which may be encountered include secondary anemia, usually 
of a moderate type but sometimes severe, with the anemia an eosino 
philia and basophilia may be associated The total amount of cir 
culating plasma may be diminished Further, plasma water concen 
tration is decreased while the protein concentration is increased The 
serum cholesterol level is frequently found to be above normal 
In some cases, the chloride level is decreased, but the total base 
remains as a rule, constant, because of increased bicarbonate The 
circulator y changes frequently seen are (1) prolongation of cir 
culation time, the minute volume of the heart being markedly reduced, 
(2) myxedematous infiltration of the cardiac musculature, (3) lowered 
cardiac efficiency, (4) electrocardiographic changes (see page 99), 
(5) increased heart size The decompensation and pitting edema some 
times observed as a result of cardiac changes are cleared up by ad 
ministration of thyroid The protein content of the cerebrospinal fluid 
is in many cases markedly elevated Changes in calcium metabolism 
have been noted on page 101 Blood iodine may be within the 
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normal range but maj be expected to be below normal, according to 
Curtis, the acetone insoluble fraction, presumabl) containing the thy 
roid hormone, on the average has a value only half normal and its 
range barely ascends to lower normal 

Secondary Hypothyroidism Secondary hypothyroidism results 
from h)pofunction of the anterior lobe of the pituitary or from hypo 
function of the adrenal cortex m Addison s disease The outstanding 
etiologic factor is lack of normal stimulation of the thyroid, as by 
the thyrotropic hormone of the hjpophysis The gland may in man) 
cases be m a resting state and exhibit storage of colloid and low or 
flat cuboidal epithelium The basal metabolic rate is commonl) sub 
normal and some symptoms may be relieved b) an increase m BMR, 
effected b) judicious use of thy roid Thyroid administration, howev er, 
may precipitate an Addisonian crisis And even when thyroid is not 
contraindicated, s)mptoms ma) persist after prolonged treatment with 
thyroid 


Simple Goiter 

Although mild hypofunction ma) infrequently be associated with 
simple goiter, as a rule there is no demonstrable disorder of th)roid 
function in this condition The outstanding cause of simple goiter is 
iodine deficiency Nevertheless, certain other factors are involved in 
the etiology of this disorder constitutional predisposition, hereditary 
influences, and diet Sexual factors too are concerned, the disease being 
more common in women than m men, its incidence increases during 
puberty and pregnancy As McClendon has remarked, the one great 
etiologic factor is lack of iodine in water and food, and the incidence 
of simple goiter closely parallels the iodine content of the soil and 
waiter supplies throughout the world (see Regional Influences) 

Inadequate iodine brings about gradual changes in the physiology 
of the thyroid First, the gland exhausts the iodine reserve in the 
colloid Then a period of hyperplasia leads to enlargement of the 
gland 

Nodular Non toxic Goiter (Non toxic Adenoma) Simple goiter 
may be followed by nodular non toxic goiter, or non toxic adenoma, 
various types of degenerative changes being observed in simple goiters 
of long standing (Nodules, of course, can also arise from fetal rests ) 
llsually, administration of iodine prevents further enlargement, al 
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though there is considerable risk of both thyrotoxicosis and eventual 
carcinoma 


HYPERrUNCTION 

Toxic Goiter The etiologic factors in toxic goiter have not )et 
been determined The thyroid may be abnormal from birth some ob 
serve congenital disorder being involved Warthin has stated that there 
may be an inherent predisposition to toxic goiter m individuals who 
are bom with Graves constitution (thymicolymphatic constitution) 
Overproduction of the thyrotropic hormone by the hjpophjs/s is an 
other suggested cause, hyperfunction of the thyroid is at times asso 
ciated with hyperpituitarism (acromegaly) Thompson and his as 
sociates have observed that administration of thyrotropic extract to 
patients with normal or slightly subnormal basal metaLolic rates will 
cause all the symptoms of toxic goiter except exophthalmos Neverthe 
less, as Thompson has pointed out in a recent review, there is so far 
no positive proof that the pituitary is concerned in the clinical dis 
order of toxic goiter 

Symptoms and Signs The thyroid is in practically all cases firmer 
than m the normal person and is almost invariably enlarged Typically 
the patient s basal metabolic rate is above normal Weight loss, of 
course, is also typical Nervousness, emotional instability, tremor 
muscle weakness, fatigability, and increased perspiration are all charac 
tenstic of the condition Cardiac symptoms are tachycardia, usually 
with palpitation, systolic thrill and bruit Some 60 to 70 per cent of 
cases of exophthalmic goiter show exophthalmos Frequently, there is 
lid lag and the eyelids are puffy, some patients may exhihit poor con 
vergence In crisis, the heart rate rises, weight is lost, weakness in 
creases markedly , nausea and vomiting are regarded as definitely un 
favorable symptoms As a rule, in patients with symmetrically cn 
larged goiters, emotional instability is more marked than in cases with 
nodular goiters Typically, in toxic goiter, the blood iodine is ele 
vated and the excretion of iodine in the urine is simultaneously in 
creased 

Response to Iodine Different cases of toxic goiter respond dif 
ferently to iodine administration, which is usually followed by a dc 
crease in basal metabolism In rare instances, the administration of 
inadequate doses of iodine may bring about an increase in the basal 
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metabolic rate, if adequate iodine is thereafter administered, there is 
a decrease in basal metabolism 

Hyperthyroidism in Pregnancy and Lactation The thyroid pro 
duces increased quantities of its hormone during pregnanq and, as a 
result, the basal metabolic rate rises Between 70 and 80 per cent of 
pregnant women show thyroid hyperplasia Ne\ertheless, true hyper 
thyroidism is rare m pregnanq, sterility usually being associated with 
hyperthyroidism When the basal metabolic rate rises unduly, abortion 
is rendered probable Nevertheless, hyperthyroid patients who are 
adequately treated are not likely to abort Abortion does not cure 
hyperthyroidism and may precipitate a hyperthyroid crisis Nursing is 
inadvisable for lactating mothers with hyperthyroidism, such an ad 
ditional stress may exacerbate the condition of the patient, who already 
has a high metabolic rate During pregnancy, the level of blood iodine 
is raised and iodine excretion is increased During lactation consider 
able iodine is lost in the milk 

Regional Influences 

Chatin, a century ago (1852), stressed the high incidence of goiter 
in regions where water, soils and foods have a low iodine content 
His studies were practically ignored, however, until 1896, when Bau 
mann and his pupils established the fact that iodine is of normal occur 
rence in the thyroid It is noteworthy that, two millema ago, the an 
cients made empiric use of the ash of sponge and seaweed as a remedy 
for goiter, but, of course, the presence of iodine was not recognized 
m seaweed until Courtois in 1811 accidentally obtained sodium iodide 
as a by product of the burning of kelp Somewhat later. Sir Humphry 
Davy and Gay Lussac independently isolated the free element In 
1820, Coindet reported that iodine was a remedy for goiter, but his 
great discovery fell into disrepute because of the toxic effects resulting 
from the administration of excessive doses of iodine salts Until the 
studies of Marine and his associates the prevalent hypothesis was that 
goiter is caused by specific toxin or virus Marines significant studies 
on the prevention of simple goiter by the administration of minute 
quantities of iodine were not begun until just at the end of World 
War I Their brilliantly successful outcome stimulated similar efforts 
throughout the world Attention was focused on regional influences 
and a whole series of analyses of the iodine content of soils, drinking 
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water, and foods in relation to the incidence of goiter was instituted 
As McClendon has pointed out, the highest incidence of endemic 
goiter is found among the Alps, Pyrenees and Himalajas, the Thames 
Valte> in England, certain inhabited districts of New Zealand, the 
region of the Great Lakes, the Mississippi Basin, and the Pacific North 
west In general, because of the iodine rich Sea foods consumed, dis 
tricts on or near the coast are comparative!) free of endemic goiter, 
but there are exceptions, as along the coast of New Zealand Goiter 
there is widespread, and in some areas the incidence was once 60 per 
cent At one time it was speculated that endemic goiter is most com 
mon m limestone regions, this belief has been shown to be untrue 

In 1923, McClendon published the first complete goiter map of the 
United States The concentration of iodine in water supplies was com 
pared with the incidence of goiter among the draftees in World 
War 1 and the correspondence was found to be almost identical A 
survey of the incidence of goiter among school children b> Olesen 
(1929) provided a second goiter map, confirming the findings of 
McClendon concerning regional influences The highest incidence of 
goiter tn this countr) is found in the North West block of states, Colo- 
rado Michigan and Wisconsin The incidence as determined b) Olesen 
ranges between 10 and 27 per 1,000 of general population The least 
goitrous parts of the United States are New England, New Jersey, 
Maryland, and the entire lower block of states from the Atlantic Coast, 
along the Gulf of Mexico, and through Texas and New Mexico The 
incidence in these non goitrous regions is not greater than 1 per 1,000 
of general population In their most inland sections Massachusetts 
and Connecticut hate approximate!) the minimum of goitrousness 
that can be termed endemic 

Local geologic conditions, as is now known determine the \aritd 
distribution of iodine in soil and water throughout the world It has 
become etrdeert a!fo that the geographic distribution of /odute de 
termmes the iodine concentration of the th)roid because the iodine in 
edible plants and in water determines the iodine intake Under natural 
conditions, the iodine intake is supplied chiefly by the food and to a 
lesser extent by water and salt In South Carolina, the soil is rich in 
iodine and the iodine content of the vegetables produced is higher than 
in the iodine poor Northern and Western states, the incidence of goiter 
is low in South Carolina and high in the Northern and Western states 
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In Texas, where the soil is rich in iodine, the fat free thyroid has been 
found to contain 6 mg of iodine per gram , the incidence of goiter is 
very low In North Dakota, where iodine deficient soil is pre\alent, 
the fat free thyroid may contain only 3 2 mg per gram, the incidence 
of goiter is high 

Great Lakes Region The region around the Great Lakes was, until 
recently, one of the most goitrous not only in the United States but in 
the world Marine and his associates selected Akron, Ohio, situated 
near Lake Erie, as the site of his world famous demonstration of the 
prophy lactic value of iodine in small quantities as a public health meas 
ure against endemic goiter The character and results of the Ohio 
demonstration gave the first great impetus to the institution of similar 
prophylaxis in every goitrous part of this and other countries The 
studies of Marine and his co workers extended over a period of two 
and a half years and were made on a large group of school girls Dur 
ing two weeks each spring and fall, approximately one half the group 
received a daily dose of 0 2 Gm of sodium iodide, the remainder of 
the group acted as controls and received no iodide Of the girls who 
had no goiter at the beginning of the test, 0 2 per cent of the 2,190 
receiving iodine developed enlarged thyroid glands, whereas 21 5 per 
cent of the 2,305 controls developed enlarged glands Of those with 
initial th)roid enlargement, 65 4 per cent of 1,182 who received iodine 
showed a reduction in the size of the thyroid at the end of a year 
Only 13 8 per cent of the 1,048 goitrous controls showed a similar 
decrease in gland size In 1922, the Michigan State Medical Society 
organized an Iodized Salt Committee, and in 1924 this committee, in 
cooperation with the state board of health introduced iodized salt, 
common salt iodized to contain 0 2 per cent sodium iodide Michigan 
counties were supplied with the iodized salt and its consumption on an 
almost universal scale was promoted Within the next decade the in 
cidence of goiter in the counties using iodized salt decreased 75 to 
90 per cent The incidence of goiter operations in seven large hospitals 
in Southern Michigan declined from 1,452 in 1927 to 591 in 1933 The 
generalized use of iodized salt during a twelve year period was fol 
lowed by a 60 per cent decrease in goiter operations in Michigan hos 
pitals reporting a 17 per cent decrease- in all operations Similar 
successes have been reported from other goitrous states of the Great 
Lakes region and the Mississippi Basin 
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In Michigan as tn other localities it was found that the incidence 
of goiter was inversely proportional to the iodine content of the water 
supply m a gi\en locality In districts where goiter is prevalent there 
is a striking tendency for the earlier enlargement of the thyroid to occur 
at puberty In districts where endemic goiter is not prevalent but the 
iodine supply is low goiter develops in females at the time of puberty 



tig 21 Distribution of endcm c goiter in the United States of America as 
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and during pregnancy Surveys have shown that the incidence of en 
demiC goiter among school children of Loth sexes have varied tn mdi 
vidual counites in Michigan from 5 per cent or less to as high as 55 
per cent Thyroids from goitrous areas have a lower iodine content 
a smaller follicle size a higher incidence of nodule formation and are 
larger than normal or even goitrous gland’s from non goitrous lb 
cahties 

In Minnesota surveys of school children have shown incidence of 
endemic goiter as high as 58 per cent These studies have been corre 
bled with the geographic distribution of iodine in potable waters For 
instance a considerable proportion of the population near Lake Su 
pertor derives its water supply from this body of water which contains 
only 0 01 part of iodine per billion of water In goitrous sections of 
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Illinois, the water used for drinking purposes may be obtained, as at 
Rockford, from deep wells (540 1,500 feet deep), but the iodine con 
tent is no higher than that of Lake Superior The waters of Lake 
Erie and Lake Ontario have a somewhat higher iodine content, that 
proportion of the population using these lakes as the source of drink 
mg water has a correspondingly lower incidence of endemic goiter 
In Minnesota, the soil also is poor in iodine, and the iodine content 
of food grown in this state is therefore extremely low The average 
iodine content of oats grown m Minnesota has been found to be only 
10 mg per metric ton — as compared with an iodine content of 175 
mg per metric ton for oats grown in Maine 

Mississippi Basin As regards geographic distribution of iodine, 
the United States may be roughly div ided into tw o great regions ( 1 ) 
those areas in which the iodine content of the water is less than 23 
parts per billion, and (2) those areas in which the iodine concentra 
tion is more than 23 parts per billion of water The greater portion of 
the Central Plain of North America — including the Mississippi Basin 
— lies within the first region, soil as well as water are relatively poor 
in iodine It is in this region that the incidence of goiter is highest — 
areas of low iodine content corresponding quite closely with those in 
which goiter is most frequently found Surveys in the Mississippi 
Basin, how ever, have show n that m some localities the iodine content 
of surface waters is low, but goiter istnot common Such exceptions to 
the general rule occur because a river rich in iodine may flow into 
a low iodine region or deep wells may extend into the iodine rich salt 
beds of the Permian region 

Where the iodine supply is moderate, the disease has been found to 
be confined chiefly to females, some 5 to 8 per cent of males being 
affected The « gotier is most hkeij to develop during puberty and 
pregnancy In Cincinnati, the ratio of goitrous females to goitrous 
males is about 1 8 at 14 years of age, 15 years, the ratio is about 2 1 
The peak of the incidence for boys is at 13 years, for girls at the age 
of 1 6 The most inland parts of Connecticut have a relatively higher 
natural iodine supply than the Cincinnati area , the latter area is about 
twice as goitrous as Connecticut The ratio of goitrous females to 
goitrous males at age 14 years is 3 7 in Connecticut, at age 15 years 
it is 5 1 Minnesota, with an endemic goiter incidence approximately 
three times that of Connecticut, shows a ratio of goitrous females to 
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goitrous males of on!) 1 5 at age 14 years, and 2 0 at age 15 )eats 
The geographical mluence is also reflected in the loss of iodine b) 
excretion via the kidneys Curtis and Jus associates found that in 
Central Ohio, a moderatel) goitrous region, the a\erage urinary excre- 
tion of iodine b) normal adults during a 2 ! hour period was 51 micro 
grams, in 5 non goitrous regions, an average of 165 migrograms was 
excreted dail) by normal adults The average blood iodine of normal 
individuals in Central Ohio was found to be 4 2 plus or minus l 2 
micrograms per hundred cubic centimeters Different investigators have 
differed with respect to the level that is to be recognized as normal 
blood iodine level , the range is between 3 and 20 micrograms per hun 
drcd cubic centimeters Thus, the determinations in this moderately 
goitrous region must be considered to represent values near the 
lowest suggested normal blood iodine level It must he pointed out, 
however, that geographic area is only one of the man) factors deter 
mining blood iodine level, even the method of measuring the iodine 
content must be taken into account It is now indubitable that iodine 
deficiency is the great etiologic factor m endemic goiter Nevertheless, 
even in goitrous regions having approximately the same iodine content 
of soil food, and potable water there are still inexplicable variations 
in incidence And in iodine-rich regions — where the iodine intake b) 
the general population must be considered optimal — there are cases 
of apparently endemic goiter Certain individuals would seem to 
require much larger intakes of iodine than the average Certain types 
of diets especially those which ire low in protein, are believed by 
some investigators to contribute to the development of goiter The 
conditions which cause poor utilization must also be considered in 
future investigations finally, there is the problem of goitengemc food 
substances that may have adverse effects upon human beings as well 
as upon experimental animals which have l een used to demonstrate the 
existence of such toxic factors 
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CHAPTER VI — A 


IODINE METABOLISM AND BLOOD IODINE 

K nowledge of iodine metabolism under normal and abnormal 
conditions has been greatly increased in recent years Man) 
phases of iodine metabolism in various thyroid states have been in 
vestigated by studies on blood serum iodine levels as determined by 
newer techniques of anal>sis — less cumbersome and more accurate 
than the older methods Other imestigations of iodine in normal and 
abnormal physiology have been facilitated by use of radioactive iodine 
(page 166) The findings have been valuable m confirming or forcing 
the modification and refinement of theories regarding causal relation 
ships in both hyperthyroidism and hypothyroidism Of much greater 
practical significance, however, have been the determinations which 
are being increasinglj applied in the clinic Thus, more attention is 
being given to the clinical value of blood iodine analyses In the 
diagnosis of hypothyroidism and hyperthyroidism blood iodine de 
terminations are in many cases — although not always — helpful, es 
pecially when basal metabolic rate determinations are not enlighten 
ing Changes in the concentration of protein bound iodine in serum 
have served to indicate the eifects of the administration of desiccated 
thyroid in hypothyroidism and of iodine or thio drug in hyperthyroidism 
and to give warning of the imminent onset of hypothyroidism m the 
course of therapy with thiourea, thiouracil or propylthiouracil More 
over, as we have shown (DeCourq, 1937, 1938), the level of serum 
prectpitable iodine is indicative of the state of liver function, and 
blood iodine levels have supplied important evidence of the involve- 
ment of the reticuloendothelial system in hyperthyroidism It seems 
probable that future advances along these lines will be of prime sig 
mficance in research laboratory and clinic alike 
U2I] 
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Iodin'l Metabolism As Affected Iodinl Therapy 

Soon after Plummer, in 1922, introduced iodine medication as a 
preoperative treatment for exophthalmic goiter, we adopted this pro- 
cedure at the DeCourcy Clinic As first reported in 1933 (DeCourcy, 
1933), our observations in thousands of operative cases led us to ad 
vance a logical explanation of the action of iodine medication used 
preoperatively in exophthalmic goiter In cases preoperativcl) treated 
with iodine, we found that at operation the thyroid gland is highly 
edematous, when the thyroid is cut, a watery fluid drips from its sur 
face We have not obsencd this condition of the thyroid gland in 
cases not treated with Lugol s solution or in simple colloid goiter 

In exophthalmic goiter, as we know, the iodine content of the 
thyroid gland is depleted Administration of Lugol s solution leads to 
rapid formation of colloid material, which causes back pressure on 
the cells and acini and also on the thin walled vessels surrounding the 
acini This back pressure produces the edematous condition found at 
operation The improvement in the patient s condition is accounted for 
as follows Edema of the thyroid gland depresses the function of the 
secreting cells, and hence the absorption of possible toxic substances 
as well as of thyroid hormone into the blood stream is substantially 
diminished 

How can we explain the fact that improvement is only temporary 5 
In our opinion, after 2 or 3 weeks new blood vessels have been 
formed and, meanwhile, the older vessels have begun gradually to 
accommodate themselves to changed conditions Therefore, even though 
colloid formation in the gland still continues absorption is resumed 
and the patient s condition becomes toxic again because the avenues of 
escape arc open Marine, studying the effects of iodine administration 
experimentally, reached a similar conclusion 

It is quite possible that we are dealing with 2 secretions from the 
thyroid gland Thyroxin produces tachycardia, loss of weight, tremor 
and increased basal metabolic rate The other secretion, called the 
X secretion because of its unknown nature, may activate the thyroxin 
so as to cause the so-called thyroid crises Possibly the X secretion 
combines with iodine so as to form a compound which remains in 
active so long as iodine is given The thyroxin secretion is not altered 
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chemically but only b> mechanical obstruction resulting from accumu 
lation of colloid in the acini with consequent backpressure 

Assuming that there are 2 thyroid secretions instead of 1, we can 
explain the difference in surgical attitude toward nodular or adenoma 
tous goiter, on the one hand, and toward hyperplastic goiter on the 
other Most of us do not hesitate to operate for a nodular thyroid 
without previous iodine medication We do not expect to see a crisis 
follow But we would not dare to operate in cases of hyperplastic 
goiter which have not received preoperative medication with iodine or 
iodine in conjunction with thtouracil or propylthiouracil 

The temporary improvement following the administration of iodine 
to patients with Graves’ disease has stimulated much research and the 
findings have been given various interpretations Plummer (1923), 
whose work resulted in universal recognition of the value of iodine in 
the therapy of Graves disease, proposed a 2 product theory of thyroid 
secretion in this disorder He suggested that, in Graves disease, an in 
completely lodmated hormone is secreted and has toxic effects not 
characteristic of the norma! hormone Iodine therapy, according to 
Plummer, restores normal, or complete, lodmation of the hormone 
molecule 

Gutman and his co workers (1932) found that, in thyroid glands 
removed from thyrotoxic patients after iodine therapy, the total and 
thyroxin like iodine content was as great as in normal human thy 
roids and sometimes was greater, in contrast were the lower values 
observed m the thyroid glands of thyrotoxic patients who had re 
ceived no iodine medication These observations have been assumed to 
show that there is an interruption of hormone output as a result of 
iodine administration to thyrotoxic patients At least 2 explanations 
of such an interruption are at once apparent (1) hormone produc 
tion may be halted, or (2) if there is no cessation of hormone manu 
facture, iodine therapy in the thyrotoxicosis may set up some barrier 
to the release of the hormone into the blood stream 

Loeser and Thompson (1934) proposed the theory that at least 
part of the action of iodine in thyrotoxicosis is to suppress the secretion 
of the thyroid stimulating hormone of the pituitary, and Friedgood 
(1936) suggested that the action of this hormone is prevented by some 
phase of the action of iodine in thyrotoxic patients Means and Ler 
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man (lSb5), in their stud) of the action of iodine in thyrotoxicosis, 
stressed the similarity of the curves of metabolic response to iodine in 
Graves disease and of the thyroxin delay after thyroidectomy , these 
workers remarked that the effect of a relatively large supply of iodine 
must be to block the escape of the thyroid hormone from gland to 
body 

Salter and Lcrman (1936) expressed the belief that m thyrotoxicosis 
the effect of iodine therapy is the promotion of the synthesis and 
deposition of the thyroid hormone rather than its release Salter 
(1910) concluded that, as a result of such therapy, * the gland is made 
to secrete internally into its follicles rather than externally into the 
blood stream, thus iodine in excess may be said to reverse the direction 
of the flow of the hormone 

The conclusions of Loeser and Thompson, of Fried good, of Means 
and Lerman, and of Salter and Lerman may be viewed as evidence 
favoring our theory of the action of iodine in thyrotoxicosis The 
edematous condition of the thyroid gland as observed at operation 
must be assumed to retard circulation and therefore to account for the 
reduction in activity as noted by these several authorities — such a 
reduction tn act n it) being the prime basis upon which they have 
founded their hypotheses 

Ravvson and his collaborators (1915) suggested, in contrast to 
Plummers two-product theory, the theory that iodine has two distinct 
actions in thyrotoxicosis (1) an lodinating action, and (2) an in 
volutrng action As these authors pointed out, a sufficiently large and 
sustained dosage of thiouracil keeps in abeyance the utilization of iodine 
for hormone production by the thyroid gland, because of pituitary 
stimulation, the thyroid gland becomes hyperplastic during prolonged 
administration of thiouracil, which continues to prevent lodination of 
tlte fAjrtfrd ifui'iTroiTif ktdtcte ass sdanmstce-cd m ith tkcotusai 
to patients with Graves disease, and it was found that while the 
goitrogenic drug continues, under these conditions, to suppress the 
lodinating action, the iodine medication induces involution of the 
thyroid gland Thus, according to Raw son and his associates, it is 
possible to separate the lodinating action from the involuting action of 
iodine therapy in thy rotoxicosis That is, thiouracihzed patients mam 
fest the involuting action without lodination of the hormone Ravvson 
et al administered iodine in doses of 300 or more mgm daily to 
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thiouracil lzed patients and found that the iodine was not utilized 
for lodination or synthesis of thyroid hormone, nevertheless, the iodine 
effected involution of the hyperplastic glands of these patients Before 
thiouracil was administered, the average mean thyroid cell height was 
12 9 micra After thiouracil treatment, the average mean acinar cell 
height was 13 9 micra, indicating a greater degree of hyperplasia 
Iodine administered in conjunction with thiouracil caused a reduction 
in mean acinar cell height to 7 2 micra 

The studies of Raw son and his associates indicate strongly that 
iodine medication favorably counteracts certain effects of thiouracil — 
particularly the tendency toward hyperplasia induced by the goitro- 
genic drug Again, diminution of the blood flow to and from the thy 
roid gland as a result of iodine treatment would seem to account for 
a reduction in the hyperplastic effect of thiouracil This conclusion 
is m accord with the observation that the gland is markedly less 
vascular and that hemostasis is far more readily attained when iodine 
is used in conjunction with thiouracil than when thiouracil is used 
alone in preoperative medication of Graves disease 

AsRawsonetal themselves stressed, in Graves disease the thy roid 
gland rapidly takes up available iodine, the administration of which 
promotes the production of colloid material and presumably the 
manufacture of thyroid hormone The avidity of the thyrotoxic gland 
for iodine is about two or three times that of the normal human thy 
roid Nevertheless, iodine administration is followed by a decided fall 
in protein bound iodine (which includes thyroxin iodine) Although 
Raw son and his co workers believed that their observations rendered 
untenable the hypothesis that iodine effects detoxication in Graves 
disease by bringing about complete lodination of the hormone mole 
cule, the possibility still exists Such lodination may occur but escape 
of the lodinated hormone (and perhaps some toxic iodine-containing 
molecule) is prevented by the increasingly edematous condition of the 
gland and the associated reduction in blood flow As Rawson and 
associates stated It is possible that the storage of thyroglobulm re 
suits from inhibition of some process which has to do with the m 
creased rate of secretion of thyroid hormone This process may well 
be retarded by slowed circulation 

Morton and his associates (1942), employing radioactive iodine as 
an indicator, found that the norma! thyroid gland rapidly converts 
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labeled inorganic iodide to duodot)rosine, and, further, that this con 
version proceeds readily in the thyroid gland of rats subjected to 
hypophysectomy The rate of formation of radio-thyroxin, however, 
is greatly depressed, according to these observers, in the thyroid after 
h)poph)sectomy In 1916, Taurog ChaikofT and Bennett reported that 
the level of protein bound iodine in plasma falls as early as 48 hours 
after excision of the pituitary gland, these workers remarked that this 
finding was not surprising in view of the well known effects of hypo 
physectomy upon the morphology of the thyroid gland More interest 
ing was the observation that, whereas the protein bound iodine of 
plasma was decreased by as much as 55 per cent during periods up to 
a year after hypophysectomy, the thyroxin content of the thyroid 
gland did not fall below normal in a single instance, in some cases 
the amount of thyroxin in the thyroid was greater than normal Taurog 
et al concluded that a lowered thyroxin content of plasma and peri 
pheral tissues is not a direct stimulation to the thyroid gland to release 
its thyroxin even though the thyroxin content of the thyroid may be 
greater than normal, the action of the thyrotropic hormone must be 
assumed to be clearly necessary for the release of thyroxin into the 
blood stream These observations indicate at least 2 phases of thyroid 
activity are influenced by the thyrotropic hormone of the pituitary 
the rate of formation of thyroxin and the rate of release of thyroid 
hormone in the blood stream 

The findings of Morton et al (1942) and of Taurog and his collab- 
orators (1946) are in accord w ith what vve would expect, assuming that 
mechanical obstruction to circulation is a prime factor in the temporary 
amelioration of symptoms in patients with Graves disease who have 
been treated with iodine preoperatively The action of thyrotropic 
hormone on the thyroid gland would be less because (1) thyrotropic 
hormone reaches the thyroid in lessened amounts, and (2) the oxygen 
supply and supply of food and other essential factors to the thyroid are 
decreased — as results of the restriction in the blood flow Further, the 
thyroxin content of plasma and peripheral tissues would be lowered 
if release of thyroid hormone (and, possibly, other iodine-containing 
compounds of a toxic nature) from the thyroid gland is retarded by 
such mechanical obstruction to circulation 

As we have remarked in an earlier section (page 122), the prob- 
lem of the existence of more than 1 iodine containing thyroid secretion 
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has not been solved Many authorities today believe that some toxic 
iodine containing secretion is produced in thyrotoxicosis The most 
recent studies have shown that there are great physiological differences 
between various types of lodinated proteins * We do not believe that 
the existence of more than 1 lodinated thyroid secretion can be ruled 
out in the consideration of the disorganized biochemistry and physiology 
of exophthalmic goiter Another possibility which has not been given 
sufficient attention is the altered sensitivity of the hyperthy roid patient 
to iodine containing, thyroxin like proteins which may be produced in 
hyperplastic thyroid glands (exophthalmic goiter) It is well known 
that the hyperthyroid individual reacts differently to desiccated thy 
roid, the reactions of the euthyroid or hyperthyroid individual pro 
viding criteria of comparison 

Recent investigations of the effects of thiouracil and thiourea in 
thyrotoxicosis have given strong support to our early ideas on the nature 
of the action of iodine in preoperative treatment of the patient with 
Graves disease During the first few years after the discovery of the 
value of such goitrogenic compounds in preparing the thyrotoxic pa 
tient for operation, it was thought by many writers that iodine medi 
cation could be dispensed with Nevertheless it soon became obvious 
that the condition of the thyroid gland at operation is a vital factor 
In thiouracihzed patients not treated with iodine, at operation the 
thyroid gland is friable and bleeding is difficult to control Means 
(1946), in his evaluation of the several methods of treating Graves 
disease which are available today, stated The use of thiouracil alone 
all agree, gives the surgeon a very vascular gland in which hemostasis 
is difficult It is also evident that by giving both thiouracil and 
iodine together, one can achieve the nearly perfect operation Not 
only is the patient in the euthyroid state, but the thyroid gland is in 
voluted and easy for the surgeon to deal with 

Such conclusions, which have been amply confirmed, and are now 
universally accepted, provide clear support for our theory of the action 
of iodine in preoperative medication of the thyrotoxic patient The 
edematous condition of the iodine-treated gland explains the decreased 
friability and the readier attainment of hemostasis when iodine is ad 
ministered in conjunction with thiouracil or thiourea The back pressure 

•An entire number of the Jour/ul of EnJoeniology (July 1945) was demoted to 
discussions of the various biological effects of different lodinated proteins 
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caused by the rapid production of colloid material maj be assumed to 
retard circulatory flow 

Equally significant is the involuting action of iodine on the hyper 
plastic gland, as a result of iodine medication, the height of the 
acinar cells is decreased Such a decrease in the height of the thyroid 
epithelium may be attributed also to the back pressure caused by de- 
position of colloid, diminution of the circulation must bring about a 
lessening of the actiuty of the thyroid epithelium after a week or 
two of iodine medication Impairment of circulation means a reduc 
tion in the transport of oxygen and food factors as well as of stimu 
htory substances (such as thyrotropic hormone of the pituitary gland) 

lason (1915) has noted that the following features are of funda 
mental significance in iodine metabolism of persons with exophthalmic 
goiter (1) thyroid gland iodine is below normal in untreated cases, 

(2) the blood iodine is generally abo\e normal in untreated cases, 

(3) usually there is an increase in urinary excretion of iodine, md 

(4) there is a progressively decreasing iodine balance In toxic nodu 
lar goiter there is a still greater excretion of iodine via the kidneys so 
that the negative iodine balance is even greater than in diffuse exo 
phthalmic goiter In nomodintzed patients with toxic nodular goiter 
the blood iodine rises immediately after thyroidectomy, whereas in 
those patients treated with iodine, thyroidectomy is followed by a 
decrease in the iodine content of the blood lason thought it probable 
that hyperthyroidism results from an excessive discharge of the re 
sene iodine into the system, this discharge of iodine may be caused 
by the chemical decomposition, or disorganization, of the substance 
which normally serves to hold the iodine in storage According to 
lason the means by which iodine is normally set free from the thyroid 
gland is still unknown, as are the physiological and chemical roles of 
iodine in thyrotoxicosis The response to iodine as obsened in thyro- 
toxicosis does not occur m experimental hyperthyroidism in human 
beings or animals 

In their recent study of serum iodine in euthyroid subjects treated 
with desiccated thyroid, Riggs, Man, and Winkler (1915) observed 
that many euthyroid individuals differ from myxedematous patients m 
the ability to tolerate comparatively large doses of dried thyroid without 
exhibiting significant signs or symptoms of hyperthyroidism Ncvcrthe- 
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less, with the exception of goiter and exophthalmos, the chief features 
of Gra\es disease as seen m the clinic were reproduced by the ad 
ministration of dried thyroid m large amounts, to euthyroid subjects 
Basal metabolic rate and serum precipitable iodine w ere increased, and 
serum cholesterol was decreased Moreover, as in spontaneous hyper 
thyroidism, body weight declined, and the heart rate was increased, 
characteristic changes in total leukocyte count and in the relative por 
tion of lymphocytes also occurred There was a poor correlation be 
tween thyroid dosage and metabolic rate but excellent correlation 
between metabolic rate and le\ el of serum precipitable iodine Failure 
of basal metabolic rate to rise was regularly associated with a stable 
level of serum iodine, in the cases in which metabolic rate was sig 
nificantly ele\ated after administration of desiccated thyroid, the serum 
iodine was also elevated 

The work of Riggs and co workers, like many other studies of the 
effects of desiccated thyroid (or of thyroid hormone), cannot be said 
to prove more than that thyroid hormone has certain markedly stimu 
lating influences on a number of physiological processes Such deter 
minations leave unsolved the problem of genesis of Graves disease 
and would not seem to provide evidence for or against the theory that 
a toxic iodine containing substance is produced in this disorder 

Significance of Blood Iodine Level 

Iodine enters the body chiefly from the digestive tract, although 
absorption through the skin may occur The amount of iodine in the 
food and water influence the blood iodine content, as does the ad 
ministration of iodine in medication A number of investigators have 
noted that the blood iodine content rises during the summer months, 
presumably because of the higher iodine content of the diet at that 
season of the year Part of the iodine present in the blood is in a 
form not excretable by the kidneys, but this form of iodine may be 
taken up by the thyroid gland, the liver and other tissues, where it is 
metabolized and passed back into the blood 

The blood iodine will be increased if there is a greater intake of 
iodine from the digestn e tract (or through the skin), or if there is an 
increased output of iodine from the thy roid gland or other organs and 
tissues This rise will persist only if the thyroid gland, In er and 
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other tissues are unable to take up and utilize the iodine normally 
or, under certain conditions are unable to metabolize and dispose of 
supranormal supplies of iodine-containing substances 

Because of the fact that the th)roid hormone contains iodine, it 
would seem natural that the iodine content of the blood would be 
increased in hyperthyroidism — provided of course, that the thjraid 
gland recedes a continuous suppl) of iodine from the diet or other 
source During the past few years, many of the studies on blood 
iodine have been made m an attempt to improve the diagnosis and 
to determine the results of \artous forms of therapy in thyroid dis 
orders especiall) hyperthyroidism 

More than a decade ago, a number of im estigators reported that 
they found the blood iodine to be increased in practically ever) case 
of untreated hyperthyroidism (Curtis 1933, 1936, Schittenhelm and 
Bisler, 1932, Stern, 1933, Wohl, 1936) But these authors noted that 
there is no direct correlation between the basal metabolic rate and the 
iodine content of the blood Schittenhelm and Eisler, who treated their 
cases of hyperthyroidism with xrays, stated that after the first treat 
ment the blood iodine returned to normal or nearly normal levels, and 
as such treatment continued the iodine level varied between normal and 
subnormal Yet in some cases the blood iodine became normal, although 
there was a lack of clinical response to treatment 

McCullagh (1935, 1936) found that the blood iodine was increased 
in most of his cases of hyperthyroidism but noted that in some instances 
it was within the normal range In 1935, McCullagh reported that he 
had found the normal range of blood iodine in the Cle eland (Ohio) 
district to be from 6 to 9 micrograms (gammas) per 1 00 cc , however, 
he considered this range to be definitely low with the method of analysis 
used In 1936, the McCullaghs stated that the normal average is from 
8 to 12 micrograms In 10 cases of active hyperthyroidism they found 
that the blood iodine ranged from 11 1 to 498 micrograms Their 
tabulation showed no parallelism between the basal metabolic rate and 
the blood iodine The patient with the lowest blood iodine (withm the 
normal range) manifested the highest basal metabolic rate (plus 70) 
whereas the only other patient with as high a metabolic rate had a 
blood iodine content of 209 micrograms These authors noted that it 
is more common to observe high basal metabolic rates with normal 
blood iodine than the reverse Previously, Turner (1932) stated that 


) 
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he found blood iodine values to be within normal range in 33 3 per 
cent of cases of hyperthyroidism 

In 1936, 2 reports from the Lahey Clime (Perkin, Lahey and Cattell, 
Perkin and Cattell) noted that a considerable percentage of cases with 
clinical and microscopical evidence of hyperthyroidism ma) have 
blood iodine values within normal range, a blood iodine content of 
10 gammas per cent being regarded as the upper limit of normal In 
174 cases of primary hyperthyroidism (exophthalmic goiter), the 
blood iodine levels ranged from as low as 2 to 149 gamma per cent, 
and 30 per cent of the group showed blood iodine within normal range 
In 35 cases of adenomatous goiter with associated toxicity (secondar) 
hyperthyroidism), 23 per cent had normal blood iodine (Perkin, Lahey 
and Cattell, 1936) 

In the second report, Perkin and Cattell (1936) recorded that m 
224 cases of hyperthyroidism (primary and secondary), the blood 
iodine values ranged from 2 to 155 gamma per cent, with normal 
values in 25 per cent 

It had been suggested by Lunde (1925) and again by Holst and 
Lunde (1929) that in hyperthyroidism the organic iodine or alcohol 
insoluble fraction rather than the total iodine of the blood is increased 
Dodds and his associates (1932), using Lunde s method for the de 
termination of the alcohol insoluble iodine of the blood, observed that 
this fraction is increased in patients with toxic goiter In cases which 
are, however, clinically refractory to iodine treatment, the iodine frac 
tion is reduced by the treatment, although the symptoms of toxicity 
persist and the basal metabolic rate remains high Dodds remarked 
The conclusion is forced upon us that the alcohol insoluble fraction 
does not represent a measure of the toxic secretion by the thyroid 

Our own studies of blood iodine (DeCourq, 1937, 1938) were 
undertaken with the hope of further elucidating phases of the problem 
of toxic goiter With the method used, that described by Trevorrow 
and Fashena (1935), the normal blood iodine values in Cincinnati 
were found to range from 3 to 6 gamma per cent Most of our cases 
of hyperthyroidism, it is true, showed an increase above these normal 
levels, but in a considerable percentage of instances the blood iodine 
was normal, and in the group as a whole no correlation was noted be 
tween the severity of the symptoms or the basal metabolic rate and the 
level of the blood iodine In fact, as noted in reports before and since 
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the appearance of ours, some of the patients with normal blood iodine 
showed the most severe symptoms of th)roid toxicity Such findings 
are of great interest in regard to the role of the liver in iodine metab- 
olism and to the significance of blood iodine determination as a test 
of liver function (page 136) 

Man) of the earl) workers on blood iodine levels employed tech 
mques which are now regarded as inadequate (Winkler, Riggs and 
Man, 1915) Determinations of serum iodine levels in apparently 
normal individuals as reported within the past few years are listed in 
Table 1 


Table 1 

A orntai Concentration of Serum Prectpitable Iodine 
( protein bound iodine or bormon 1 1 iodine ) 



(according to recent reports) 


Ambon 

Sormal Range of 

Serum Iodine 
{gamma per 100 cr ) 


Turner Del-amater and 
Province (1910) 

67 to 16 7 

(calculated from »holc 
blood) 

Riggs Glide* Mm and 
Peters (1941) 

4 0lo 7 0 

(calculated from ssho/e 
blood) 

Salter Bassett and 
Sipptnpton (19H) 

lOto 80 

serum pnopitable loJuie 

Talbot Butler Saltzman 
and Rodriguez (I9H) 

6 0 to 8 I (adults) 

4 0 to "’0 (children) 

serum precipitable iodine 
serum precipiublc iodine 

VI inkier Riggs and Man 
IMS 

J 0 to 9 0 

serum prccipi table lod ne 


Most authorities now agree that the blood iodine — specifically 
the protein bound fraction — is a sensitive index of circulating thyroid 
hormone (Salter, 1940, 1911, 1911, Riggs et al , 1912, Lowcnstem 
et al , 1914, 1915, Winkler et al , 1916) Some authors extend this 
conception, to reach the conclusion that the serum iodine level is a 
reliable index of net thyroid function, ' (Salter and McKay, 19 1 1) — 
which must, however, be regarded as a generalization with a very 
significant percentage of exceptions The exceptions noted in the 
earlier studies on blood iodine in hyperthyroidism have already been 
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mentioned The newer studies have confirmed the previous findings 
that showed the frequently unreliable nature of blood iodine deter 
ruinations — not only in hyperthyroidism but also in hypothyroidism 
and even in normal individuals (as reference to the wide range of 
\alues listed m Table 1 will prove) It seems necessary to assume that, 
in a great many cases of hyperthyroidism and in many hypothyroid 
patients some other factor (or factors) than thyroid activity must par 
ticipate in important ways in iodine metabolism We believe that the 
li\er — and specifically the reticuloendothelial tissue of that organ — 
powerfully influences iodine metabolism both in the normal individual 
and the patient with a thyroid disorder 

Nevertheless, as a review of the recent findings on blood iodine 
make clear, determinations of blood iodine hav e important — and at 
time indispensable — applications in diagnosis and in the adequate 
control of therapy both for hyperthyroidism and hypothyroidism 
Perkin and Cattell (1940) have presented impressive evidence 
that the serum iodine level is a more reliable criterion than the basal 
metabolic rate in the differential diagnosis of borderline hyperthyroid 
ism Under carefully controlled conditions, 235 patients with border 
line hyperthyroidism were studied by these workers In the majority 
{but not all) of the patients for whom a tentative diagnosis of mild 
hyperthyroidism was not supported by later clinical obser\ ations, the 
blood iodine was not significantly elevated although the basal 
metabolic rate was generally above normal, similar findings were made 
in most of the cases of toxic goiter (nodular and exophthalmic) which 
were not benefited by subsequent thyroidectomy Moreo\er, the blood 
iodine as well as the basal metabolic rate was elevated preoperatively 
and decreased postoperativ ely in patients who manifested clinical 1 m 
prov ement following thyroidectomy 

Perkin and Cattell have also made use of the blood iodine con 
tent as an index facilitating the determination of the amount of thyroid 
tissue to remove, they have expressed the belief that employment 
of this index materially reduces the postoperative complications, hypo 
thyroidism and recurrent hyperthyroidism 

Salter (1910, 1941), relying on blood iodine studies, concluded 
that Graves' disease may exist without physiologic hyperthyroidism 
Salter (1940) has emphasized the value of blood iodine determinations 
m the differential diagnosis between hyperthyroidism and the following 
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conditions hj pcrtension, cardiac decompensation, goiter without hyper 
thjroidism jet with an ele\ated metabolic rate 

Curtis and Tertman (1915) have recorded additional evidence that 
analjscs of blood iodine but tn conjunction u ith determinations of basal 
metabolic rate are of value in a large percentage of cases in which 
differential diagnosis is difficult The) observed that the aierage blood 
iodine level is significantly above normal in all forms of thyrotoxicosis 
The average blood iodine concentrations in exophthalmic goiter did 
not differ significantly from the average concentrations in toxic nodular 
goiter, this finding suggested the possibility that the nature or quality 
of the whole or fractionated blood iodine might differ in 2 different 
groups of patients Here, once again, we encounter some suggestion 
of the possible existence of a toxic factor (unknow n or X factor) in 
thyrotoxicosis, there being the further possibility that the toxic factor 
(if it docs indeed exist) may have subtle differences in chemical and 
physiological nature according to the type of toxic goiter, exophthalmic 
or toxic nodular 

In non toxic nodular goiter, according to the work of Curtis and 
Tertman, the average blood iodine level is not elevated to any con 
siderable extent, nor is it significantly elevated in non toxic diffuse 
colloid goiter These investigators further observed a marked elevation 
in average basal metabolic rate in non toxic nodular goiter but not in 
diffuse nontoxic colloid goiter (in which the BMR averaged only 
minus 7 per cent) 

Curtis and Tertman have pointed out the possibility that blood 
iodine determinations may be found to have some value in the diagnosis 
of ovarian struma, total mtrathoracic goiter or other aberrant thyroid 
tissue which might otherwise be missed 

Clinically important observations involving blood iodine studies in 
hyperthyroidism and hypothyroidism have more recently been made 
by Winkler and others (1915, 1946) and Danowski and his associates 
(1916) Using improved techniques of blood iodine measurement, 
Winkler and co workers confirmed the frequently reported finding that 
characteristically although by no means invariably the level of pre- 
cipitablc iodine is elevated in untreated hyperthyroidism and tends to 
fall following iodine medication and thyroidectomy Further they re- 
marked on the rarity of supranormal values for serum iodine during 
the years following thyroidectomy for thyrotoxicosis and observed that 
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this finding supports the common belief subtotal thyroidectomy brings 
about a complete and enduring cure of hyperthyroidism in the great 
majority of cases Nevertheless, their blood iodine determinations 
showed that mild or obscure postoperative hypothyroidism is of far 
more frequent occurrence than is generally belie\ed Winkler and his 
collaborators stated * Before the introduction of the serum iodine tech- 
nique, diagnosis depended on clinical signs, on the basal metabolism 
and on the serum cholesterol Since postoperative hypothyroidism is, 
more often than not, partial and clinically equivocal, all of these less 
sensitive indications may well fall within normal limits, thus render 
mg recognition difficult These investigators, however, emphasized 
that the low rate of recurrences following the modern "radical* oper 
ation for thyrotoxicosis has fully justified the surgeon’s present methods, 
more especially his judgment of the amount of gland to remove On 
the other hand, the progress of the patient after operation should be 
carefully followed for months and years, repeated blood iodine de 
terminations being made to disclose any marked degree of hypo 
thyroidism not otherwise detectable According to Winkler and his 
associates ' A basal metabolic rate falling within the normal limits is 
no evidence that thyroid function is adequate If hypothyroidism is 
not detected as it develops, the more severe grades may ensue — 
within a few months or after years — and the patient may be markedly 
affected before adequate treatment is sought or instituted 

Danowski and his co workers (1946) have stressed the risks of 
hypothyroidism associated with (or following) therapy with thio 
drugs They also based their studies on blood iodine determinations 
which were interpreted in the light of clinical observations Their 
report has shown the high incidence of hypothyroidism which is a 
regrettable complication of thio-drug medication Danowski et al 
found that the decline in basal metabolic rate often lags behind the 
fall in serum iodine during treatment with thiourea or thiouracil 
Even if the hypothyroidism is controlled by the administration of 
desiccated thy roid, a new danger arises — recurrent hyperthy roidism 
According to the determinations of these workers, who based their 
conclusions on the blood iodine findings, thio drug therapy should at 
all times be supplemented w ith iodine medication Blood iodine find 
ings also demonstrated that the dosage of desiccated thyroid necessary 
to control hypothyroidism developing because of thio-drug therapy 



136 THE THVROID GLAND 

varies from subject to subject, as would be expected, and lies between 
0 03 and more than 0 06 grams daily 

The blood iodine levels, as shown by Da now ski et al as well as 
Winkler et a( (1945, 1946), indicate that each grain of desiccated 
thyroid effects an increase in scrum iodine averaging 2 gamma per 
cent Winkler pointed out that, even in the complete absence of hor 
mone production by the thyroid gland a final serum iodine concen 
(ration of about 6 0 gamma per cent — a lei el close to normal — should 
result from the administration of 3 grams of desiccated thyroid daily 
This finding further indicates the approximate rate of production of 
hormone b) the thyroid an amount of hormone equivalent, in terms 
of iodine content, to 3 grains of U S P desiccated thyroid per day It 
must be cautioned, however, that a single subnormal serum iodine value 
is not diagnostic of a state of hypothyroidism (Riggs, Man and 
Winkler, 1915) , and the appearance of slight symptoms of hypo 
thyroidism does not necessarily establish that the thyroid is com 
pletely nonfunctional Blood iodine levels must always be interpreted 
in the light of other laboratory tests and the complete clinical study 
of the individual patient 

Hence we may conclude that in a great many cases determination 
of serum iodine concentration is invaluable in diagnosis and m guid 
ing therapy, whether with iodine, thio drug or dried thyroid (as in 
hypothyroidism) Nevertheless, in many other cases, the serum iodine 
content may be misleading — in such instances we encounter low 
concentrations of serum iodine in severe thyrotoxicosis or high con 
centrations in hypothyroidism, or levels close to normal in either con 
dition Every report cited m regard to the significance of serum iodine 
content will be found to make mention or to emphasize the consider 
able percentage of exceptions to the general rule that blood iodine 
concentration is an index of thyroid activity 

loniNr Metabolism in Relation to Liver Function 
AND THL RrnCULOrNDOTHELIAL SVSTEM 

Blood iodine determinations have Jong been part of the routine 
examination of all cases coming to the DeCourcy Clinic In the wide 
variety of diseases encountered no important group has shown so 
consistently a supranormal blood iodine concentration as have cases 
of chronic cholecystitis and of liver deficiency (DeCourcy, 1937, 
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Stevens, 1937) The highest blood iodine values were observed in 
cases of chronic cholecystitis with stones in the common duct The next 
highest values were seen in carcinoma of the liver The \alues in other 
types of gallbladder diseases were lower, but still definitely above 
normal 

It is generally recognized that the In er is to some extent damaged 
in all cases of gallbladder disease, but in cases with common duct ob 
struction and resulting biliary stasis the liver damage is especially pro 
nounced The findings in regard to blood iodine suggest, therefore 
that the liver plays an important cole in iodine metabolism and in the 
control of the iodine content of the blood Perkin and Cattell (1936), 
of the Lahey Clinic, also noted that m cases of gallbladder disease 
(acute and chronic cholecystitis and bilary obstruction with or without 
cholelithiasis) the blood iodine is usually increased, they commented 
that 'the relationship of liver function to iodine metabolism merits 
further study 

The problem of the relationship of the liver to iodine metabolism 
has received comparatively little attention, although Maruno (1931) 
reported experiments indicating that the liver takes up iodine and 
excretes it into the bile, and that this function can be stimulated by 
injection of glucose and administration of certain galactogogues 

Elmer and Luczynskt (1933 1934) recorded experiments on rabbits 
showing that the iodine content of the bile is markedly increased after 
these animals have fed on iodine containing foods, but that the blood 
iodine is but little increased From these experiments it appears that 
the liver may play an important role in the regulation of the amount 
of iodine in the blood, as by removing any excess resulting from a high 
iodine intake in food or from other sources and excreting it into the 
bile where it is once more resorbed into the digestive canal (De 
Courcy, 1937) 

These findings were confirmed by our own experiments on rabbits 
(DeCourcy, 1938), in which it was observed that m normal rabbits 
even when the iodine intake in the food is high, the blood iodine is 
never elevated much above the normal level for these animals But in 
animals in which common duct ligation or ligation and division of the 
duct has been done, so as to cause biliary stasis and jaundice, the 
blood iodine rises to a high lev el — in one instance it rose to 227 gamma 
per cent These experiments w ould seem to indicate strongly that the 
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liver has an important role tn the regulation of the iodine content of 
the blood 

That failure of the liver to function normal!), rather than the excess 
of th)roxin in the blood, maj account for the abnormall) high blood 
iodine in man) cases of hjperthyroidism is also suggested b) the find 
mgs of Weller (1933) In a pathological study of <18 selected cases 
of Graves disease in which no known cause of hepatitis could be 
found other than the possibility that it might be due to the thyrotoxi 
costs well marked hepatitis was found in 54 per cent of the cases In a 
matched control series, only one case manifested well marked hepatitis 
Tiie lesions in these cases were irregularly distributed m the liver, and 
were characterized by a notable increase in the connective tissue, so 
that the liver lobules tend to be encircled by this increased fibrous tissue 
and isolated one from the other as in atrophic cirrhosis 

More recently. Lord and Andrus (1911) recorded the following 
liver findings m patients with thyrotoxicosis, these findings being 
characteristic of all cases (l) large fat droplets distributed diffusely 
through the parenchymal cells, (2) central necrosis of the hepatic 
ords there being conspicuous infiltration of the necrotic areas by 
erythrocytes and polymorphonuclear cells, and (3) connective tissue 
proliferation in the portal areas, with lymphocytic infiltration 

Mciver and Winter (1913) noted the hepatic damage resulting 
from anoxia induced after myection of crystalline thyroxin in doses 
sufficient to render experimental animals h) perth) raid The histo- 
pathologic picture was featured by extensive necrosis of liver cells 
about the central area, there being some inflammatory cell infiltra 
tion in the portal areas Fatty metamorphosis and engorgement of the 
blood vessels in the central areas constituted the earliest degenerative 
changes that were detected 

T)fc dxinges ti> bleed cholesterol content rn th}roid disorders are 
familiar to all, and investigations in nutrition as well as in the field of 
thyroid pathology have served to establish the now indubitable relation 
ship of blood cholesterol to liver function The rise and fall of blood 
cholesterol in inverse ratio to the degree of thyroid activity represent as 
significant a feature of thyroid physiology and pathology as do the rise 
and fall of blood serum iodine tn direct relation to intensity of thyroid 
activity And, in the ultimate analysis, both blood cholesterol level and 
blood iodine level are to an important extent affected by hepatic func 
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tion The relationship of liver function, thyroid disorders and blood 
cholesterol content have recent!) been emphasized by a number of in 
vestigators (rieischmann and Schumacker, 1942, Peters and Man, 
1943, Forbes, 1 944, Simendmger, 1944) 

Additional support of our theory that the liver participates funda 
mentally in the regulation of iodine metabolism comes from the find 
mgs of Scheffer (1933, 1934) that the iodine content of the feces is in 
creased in hyperthyroidism These findings have been confirmed by 
Cole and Curtis (1935) Normally, the iodine content of the feces is 
small, the iodine being absorbed after being excreted into the digestive 
canal, but if the liver were removing an excess of iodine from the 
blood and therefore were excreting an excess with the bile, some of 
this excess would be likely to appear in the feces According to 
Scheffer (1934), the liver functions m just this way, exercising a 
detoxifying function in hyperthyroidism, that is, in hyperthyroid 
ism there is an excess of iodine in the foim of thyroxin, or a very 
similar compound, continually poured into the blood The liver re 
moves this excess, and excretes it into the bile, which then passes into 
the gastrointestinal tract, so that some of the excess is discharged m the 
feces 

If, then, the liver plays an important part in iodine metabolism, the 
question arises May this function be attributed to any of the special 
groups of cells of the liver’ Maruno (1931) expressed the opinion that 
the parenchymatous cells of the liver are specifically the ones which 
take up iodine from the blood Yuzuriha (1933, 1935) recorded im 
pressive experimental evidence indicating that the reticuloendothelial 
system is primarily if not exclusively involved in the metabolism of 
iodine His findings would appear to explain the relationship of the 
liver to the metabolism of iodine, the Xupfer cells of the liver "being 
of course, an integral and active portion of the reticuloendothelial 
system 

These experiments were carried out on rabbits Administration of 
an inorganic or organic iodine compound to normal rabbits caused a 
temporary rise in blood iodine, an increased excretion in the urine, 
and a deposit of iodine in the Kupfer cells of the liver and other por 
ttons of the reticuloendothelial system When the reticuloendothelial 
system was stimulated by a single injection of a small quantity of India 
ink, the metabolism of iodine was accelerated, as shown by a rapid 
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decrease of iodine in the blood a pronounced acceleration of its ex 
cretion in the urine, and decreased deposit of iodine in the reticulo 
endothelial sjstem If larger injections of India ink were repeated!* 
made until the reticuloendothelial sjstem was blocked, the blood iodine 
remained high, its excretion was delajed, and heavy deposits of iodine 
were found in the reticuloendothelial cells of the li\er and spleen 
After thjroidectomj, the findings were the same as after blocking of 
the reticuloendothelial sjstem with India ink and indicate that the 
loss of the thyroid inhibits the function of this sjstem When, how 
ever, a single stimulating injection of India ink was gnen after thyroid 
ectomj, the result was much the same as in the normal animal, ie, 
the iodine metabolism was accelerated and the level of blood iodine 
rapid!) fell The administration of powdered thj'roid to thjroidecto- 
mized animals did not accelerate the iodine metabolism to the same 
extent as direct stimulation of the reticuloendothelial sjstem Repeated 
large injections of India ink blocked the reticuloendothelial sjstem and 
prevented the restoration of iodine metabolism in the thyroidectomized 
animals despite the attempt to stimulate metabolism by administration 
of powdered thjroid 

The conclusions drawn from these findings are tii3t the reticulo 
endothelial sjstem and the thjroid gland act sjnergisticallj in the con 
trol of iodine metabolism, but e\cn accelerated function of the thyroid 
fails to accelerate iodine metabolism if the function of the reticulo 
endothelial sjstem is scriouslj impaired On the other hand, if this 
sjstem is dircctlj stimulated, then iodine metabolism is accelerated e\cn 
in the absence of the thjroid This investigator believed that the re 
ticuloendothclial sjstem plajs a dominant role in the metabolism of 
iodine and that the thjroid has onlj a secondarj influence — that is, 
acts indirectlj upon iodine metabolism bj stimulation or inhibition of 
the reticuloendothelial sjstem 

The significant percentage of exceptions to the generalization that 
serum iodine is an index of thjroid activitj have been emphasized in 
the preceding section (on blood iodine levels) Our findings and those 
of others in regard to the participation of the liver and more spccifi 
call), the reticuloendothelial cells of the liver, appear to ofTer a logical 
explanation of these exceptions — -which are so frequent and so 
marked as to necessitate the assumption that some factor, with a 
function as profound and as influential as that of the thj’roid gland 
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itself, must be operative in both normal and abnormal metabolism of 
iodine 

According to our theory, hy perth) roidism involves not just an ex 
cessive secretion of hormone by an overactive thyroid but also an 
overstimulation of the reticuloendothelial system, particularly the 
Kupfer cells of the liver, with consequent acceleration of iodine metab- 
olism, so that iodine is removed more rapid 1) from the blood, the 
excess being excreted When, howe'er the function of the reticulo 
endothelial system is inhibited, as it would be by hepatic lesions that 
diminish the activity of the Kupfer cells then iodine metabolism as a 
whole would be inhibited, and blood iodine would be elevated Even 
though the degree of hyperthyroidism was extreme with resultant 
severe symptoms of thy rotoxicity , a normal reticuloendothelial system 
would be stimulated so as to remove the excess hormone from the 
blood, thus would be explained the frequent finding of normal or nearly 
normal concentration of serum iodine in cases of marked thyrotoxicosis 
Further support for this theory is derived from the findings in 
leukemia, m which the functions of the reticuloendothelial system are 
often impaired — and in which the blood iodine is characteristically 
elevated Finally, we have the evidence obtained from blood iodine 
studies m liver disease and in gallbladder disease w ith associated hepatic 
damage, although no hyperthyroid state exists nevertheless the blood 
iodine level is generally supranormal 

Blood iodine determinations, therefore, would seem to be an index 
of liver function as well as of thyroid activity — rather than a mere 
measure of the latter Frequently then, the finding of a high level 
of blood iodine indicates the need for measures to improve hepatic 
function and repair hepatic damage, the administration of glucose and 
pvwYsvoTj VngV* vti bofcb. w/i pKitewv bASt 

been found highly beneficial 

The determination of blood iodine content in operative cases other 
than those involving the thyroid gland would, in view of the fore 
going considerations, seem invaluable to ascertain possible liver dam 
age, especially in patients vv ith gallbladder disease because of the great 
danger of so called liver death Blood iodine determinations do 
not require the introduction of a foreign substance as do certain other 
tests of liver fur^tion 
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Iodine Medication in Tin rotoxicosis 

A few )ears ago, after the introduction of preoperative medication 
with thiouracil, thiourea, and other goitrogenic substances in Graves 
disease, it was wtdelj stated that preoperative treatment with iodine 
had been outmoded Nevertheless, as several times before in the his 
tor) of the use of iodine in thcrap) of exophthalmic goiter, such a con 
elusion has turned out to be erroneous — because based upon false 
opinions as to the effects of iodine in this condition The histor) of the 
utilization of iodine in goiter extends back, through the centuries (sec 
page 1 1, Chapter II) Not inconsiderable use of iodine in Graves 
disease was a fairlj common procedure at the beginning of this centur), 
but the pronouncement of the international!) famous Theodore K ocher 
in 1910 led to the almost universal abandonment of such medication, 
early misuse of iodine and overdosage, as well as misunderstanding 
of the nature of the reaction to iodine therap) in th) rotoxicosis, led to 
this warning of Kochcr and similar pronouncements in the succeeding 
decade The extended observations of Plummer (1923) again, and with 
irrefutable success, demonstrated the value of iodine administration to 
goitrous patients Still, even todaj, doubts arc expressed as to the 
wisdom of iodine administration and as to the dangers involved in 
such (preoperative) therap) of cases of Graves disease (Fitzgerald, 
1911) 

So once again, iodine therap) in exophthalmic goiter has been at 
last and cntirel) dispensed w ith, onl) to be restored to its former status 
as an indispensable aid to treatment The value of iodine administration 
— even when thiouracil thiourea and related compounds are given as 
the so-called main preoperative medication — has once more gained 
universal recognition 

It ma) be reaffirmed, as we pointed out more than a decade ago 
(DeCourc), 1933), Of all therapeutic procedures for the cure of 
goiter subtotal th) roidcctom) has proved b) far the most efficacious 
With improved technique vve have succeeded in obtaining quicker con 
valesccnce and a lower mortalit) than former!) The mortalit) has 
been less than 1 per cent in all cases Of greater importance, how 
ever, has been the preoperative preparation of the patient with iodine 
This preparation, we have found — and our findings have received 
ample confirmation — overcomes the greatest obstacle to successful 
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thyroidectomy, namely, the toxic phenomena and cardiac depression 
of exophthalmic goiter, which are so subject to aggravation by the 
emotional experience of the operation 

Our practice has been to administer 10 minims of Lugol s solution 
three times daily for two to four weeks prior to operation, the dosage 
and period of preoperative medication depending upon clinical im 
provement and changes in the metabolic rate readings 

With this treatment the patient improves progressively for 10 to 
20 days Nervous tension is relieved and apprehension is replaced 
by serenity The symptoms of thyrotoxicosis gradually subside tachy 
cardia subsides, tremor abates, weight increases, and the basal metabolic 
rate falls toward the normal In approximately 2 weeks, the patient 
who was formerly critically ill becomes comparatively well 

As experience has shown, this improvement is only temporary 
If iodine medication is continued or stopped, no matter which, the pa 
tient suffers a relapse to his former toxic condition 

The point of the treatment, however, is that it enables us to im 
prove a desperately sick patient to such an extent that he can stand the 
shock of a serious operation Thus he becomes a much better surgical 
risk The patient at this stage may be operated upon with safety 
and with little or no resulting reaction On the other hand, if thyroid 
ectomy is performed without previous iodine (or goitrogenic) medica 
tion, the postoperative reaction is frequently severe, the temperature 
rising to 106* or 107° with a fatal termination in many cases 

In our experience, nothing else contributes so much to lowered 
mortality from thyroidectomy as preoperative treatment carefully car 
ried out The aim is to operate at exactly the time when maximum 
improvement has been obtained This may require 10 days of medica 
tion, or in some cases 3 weeks or longer 

Patients operated upon while they are saturated w ith iodine do not 
suffer severe postoperative reaction We feel no apprehension in oper 
attng upon a subject who has been treated adequately beforehand with 
iodine 

It has been our practice in operating on cases where iodine has been 
given over a long period, but m which toxic symptoms are still mam 
fest, to give 15 5 /2 grams of sodium iodide intravenously immediately 
after operation — while the patient is still in the operating room 
Fifty minims of Lugol s solution are administered by rectum as soon as 
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the patient returns to bed, and this procedure is repeated m eight 
hours If the temperature rises abo\e 102* on the following da), 
Lugol s solution is given b) mouth ever) A to 6 hours 

It is \er) important, as a proph) lactic measure, to continue treat 
ment after operation until all danger of a sccondar) reaction is past 
It is our practice to give 10 minims of Lugol s solution dad) for 8 
weeks after the postoperative reaction 

Various opinions base been expressed as to the value of suspending 
iodine administration when uncontrollable conditions hive necessi 
tated the prolongation of such medication be)ond the usual period 
possibl) for man) weeks when the patient does not appear to be 
operable It would seem wise, under such circumstances to keep the 
patient in the hospital and wait for some remission at which time 
operation maj be performed with a sufficient margin of safet) Ex 
ccptionall), in such sevcrel) th)rotoxic patients, i rest period of some 
weeks — suspension of iodine medication — mi) be indicated 

Most authorities agree, that after iodine therap) and before oper 
ation is performed, the basal metabolic rate should be less than 50 
per cent higher than normal — but as must be emphasized basal 
metabolic rate is b) no means a sure indication of the degree of 
(h) rotovrert) in a gnen patient Its determination u of value when 
other factors — sudi as the clinical picture and the blood iodine 
(scrum iodine) — are taken into consideration at the same time The 
significance of scrum iodine is discussed at some length in a later 
section (page 308) Patients with a Lasal metabolic rate of more than 
50 per cent abo\e normal must be considered as dcfimtel) poor oper 
ativc risks, such a high metabolic rate ma) be assumed to be indicative 
of a sescrel) toxic condition In the average patient, as the s)mptoms 
show improvement, the basal metabolic rate falls 20 to 50 per cent as 
& rwcnV <3v mJirrc mevfortfitoi? 

Most clinicians hold that cases of nodular goiter with toxicit) re 
spond more slow!) to iodine therap), not onl) is the response less 
marked but it is also less certain Man) authors have expressed the 
conviction that administration of iodine to patients with toxic nodular 
goiters ma) result in an exacerbation of s)mptoms 

In a recent review of the dangers of the incorrect use of iodine in 
the treatment of goiter, nt 2 gerald (1911) stated that there are three 
t)pcs of patients in whom iodine th) rotoxicosis seems to have been 
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induced (1) goiter in adolescence, (2) cases of exophthalmic goiter 
receiving iodine medication during a prolonged period, and (3) cases 
of nodular goiter This writer concluded that iodine therapy should 
be reserved strictly for cases of diffuse goiter with toxicity 

Some 3 per cent of patients with Graves’ disease do not respond 
favorably to iodine therapy (Means and Lerman, 1931) In prac 
tically all patients, continued use of iodine past a period of 4 to 5 
weeks must be expected to cause an intensification of symptoms Dis 
continuance of iodine therapy, on the other hand, is followed by a 
worsening of the condition of the thyrotoxic patient, the basal metabolic 
rate rising and the general symptoms approximating in their severity 
those existing before medication was begun It is true that many cures 
have been reported to occur as a result of iodine therapy alone in 
exophthalmic goiter, but most observers have found that if such 
cures do eventuate they are exceptional In this connection it must be 
remembered that spontaneous remissions do occur and that numerous 
instances of this type of outcome ( burned out thyrotoxicosis) have 
been recorded We have all seen cases, unoperated which have sub 
sided, to leave only slight exophthalmos as evidence of the former 
condition 
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THIOURACIL, PROPYLTHIOURACIL AND 
RELATED DRUGS IN TREATMENT OF 
THYROTOXICOSIS 

Antithyroid Drugs 

I T HAS BEEN known for many years that hypertrophy and hyperplasia 
of the thyroid gland can be produced in animals by diets high in 
certain plant materials In 1928, Chesney, Clawson and Webster 
found that when cabbage is fed as a major portion of the diet, goiter 
develops m rabbits Later, it was shown that hyperplasia of the thyroid 
is produced m rats by feeding Brassica seeds (Hercus and Pur\es 
1936) Kennedy (1942) reported that the probable causatne factor 
supplied by these seeds is allylthiourea, and, further, that thiourea is 
actively goitrogenic A large number of substances chemically related 
to thiourea were tested by Astwood and co workers ( 1943) and thioura 
cil was found to be the most actively goitrogenic Confirmatory studies 
were reported by MacKenzie and MacKenzie (1943) Besides the 
thioureas, a number of other groups of compounds have been shown 
to be goitrogenic cyanides, thiocyanate, and sulfonamides (especially 
sulfadiazine) Patients receiving thiocyanate m the treatment of 
hypertension ha\e frequently been reported to de\elop goiter (Foulger 
and Rose, 1943) 

/n^esTrgafrons - inspired bj these findings e demonstrated that on}} 

an indirect effect of these substances is imoked in the production of 
hypertrophy and hyperplasia of the thyroid — their goitrogenic effects 
are not obser. ed m hy pophy sectomized animals Recent researches 1m e 
apparently established that the enlargement of the thyroid is the result 
of increased secretion of thy rotropic hormone of the pituitary The feed 
ing of thiourea depresses the oxygen consumption of the intact animal 
but does not inhibit the calorigemc action of administered thyroxm or 
desiccated thyroid It must be concluded that thiourea and other 
goitrogenic substances which ha\ e been in\ estigated act so as to depress 
£ 149 } 
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the production of thyroid hormone Hcncc the clinical use of thiourea 
and espcciallj thiouracil was suggested (Astwood, 1913, Williams 
and Bissell, 1913) Even though these substances increase the work of 
the thyroid gland — as evidenced by the marked hyperplasia and 
hjpertrophy following their administration — the) must be regarded 
as ' antithyroid drugs inhibiting the function of the gland 

Thiourea 

Thiourea has the chemical structure 

NH, 

I 

C=S 

I 

NHj 

Although it has been used clinically in a limited number of cases, this 
drug has been found unsatisfactory as compared with thiouracil The 
antithyroid activity of thiourea is not as great as that of thiouracil 
Moreover, thiourea causes more gastrointestinal disturbances and gives 
the breath an unpleasant odor 


Thiouracil 

The structural formula of thiouracil is 


CH — NH 

// \ 

CH C = S 

\ / 

CO — NH 


The substance is a fairly stable, white powder, only slightly soluble 
in water and insoluble in alcohol, but readily soluble in sodium hy* 
•AvwsvAe s/ataV/aw odades&, <*. haA a. W.'.es VisAc 

Effects on Animals As shown by histological examination of the 
thyroid gland, effects following the administration of thiouracil in 
elude the production of tall columnar acinar cells, marked hyperplasia, 
a diminution of colloid, and increased vascularity Relatively little 
iodine (administered as a dose) is absorbed by the gland, and the con 
tents of both iodine and thyroxin are diminished as is the basal 
oxygen consumption Thyroxin production is reduced Because thiou 
racil does not stimulate goiter formation in hypophysectomized am 
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mals, it would seem definite!) established that the pituitar) gland is 
involved in the action of the drug The histological changes in the 
pituitary are similar to those after th>roidectom) Growth of >oung 
animals is retarded by prolonged administration of thiouracil In gen 
eral, the effects of thiouracil administration (for several weeks to 
several months) are ver) like those resulting from subtotal thjroid 
ectom) 

Effects in Human Beings As in animals, the effects of thiouracil 
administration include the production of cellular hjperplasia of the 
thyroid, diminished colloid, and increased vasculant) Nevertheless, 
thiouracil at the dosage levels usual!) administered to human beings 
with th)roid disease does not as a rule induce a marked increase m the 
size of the gland, such increases as have been observed are transient 
in most cases An eventual reduction in the size of the gland has 
frequently been noted The consensus is that the hyperplasia produced 
b) thiouracil results from stimulation b) the thyrotropic hormone of 
the anterior pituitary, because the production of thyroxin by the thyroid 
has been inhibited, presumably the formation of thyrotropic hormone 
is increased 

Studies with radioactive isotopes of iodine have shown that the 
thyroid gland of an individual treated with thiouracil stores very little 
iodine Further, the thyroxin content as a rule is extremely small 
Bioassays have disclosed that, after treatment with the drug calorigemc 
activity is at a minimum or entirely absent 

Absorption, Distribution and Elimination The absorption and 
elimination of thiouracil and its distribution m the body fluids and 
tissues have been carefully studied by Williams, Kay and Jandorf 
(1944) These workers found that thiouracil is absorbed rapidly from 
the stomach and upper portion of the small intestine Substantial 
concentrations of the drug appear m the blood within 15 to 30 minutes 
Approximately 15 per cent of a therapeutic dose is apparently de 
stroyed before or during absorption No thiouracil is detectable in the 
feces following administration of such a dose 

The concentration in the blood ranges between one and six milli 
grams of thiouracil per 100 ml for 2 or 3 hours after absorption 
Pleural fluid and ascitic fluid contain about the same quantity of 
thiouracil as does blood, relatively small amounts being present in 
cerebrospinal fluid pericardial fluid, and edema fluid Most of the 
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circulating thiouracil is found in the red blood cells To maintain satis 
factor) levels m the blood, the quantity given dad) should be divided 
into three doses because thiouracil rapidl) disappears from the blood 
The highest concentrations in the tissues arc present in the thjroid, 
the pituitar), the adrenals and bone marrow (leukocytes), various 
lesser concentrations are found in the other bod) tissues About 50 
per cent of the administered thiouracil is rapidl) dcstro)ed m the 
tissues, almost all of the drug has disappeared after 24 hours The re 
mam mg portion about 35 per cent of the dose, is excreted b) the hid 
ne)$ (15 per cent being destro)ed before absorption) Most of the 
thiouracil excreted appears in the urine within a few hours after ab- 
sorption 

The liver does not appear to be the main site of thiouracil dcstruc 
tion, the blood level after a test dose is no higher in patients with 
advanced cirrhosis of the liver than in normal individuals The sub- 
stances produced b) the breakdown of thiouracil have not been idcn 
tified After administration of the drug, there is an increased excre 
tion of neutral sulfur but no increase in the excretion of thiourea 
cystine, c)$teine, thiocyanate, thiosulfate urochrome or melanin Nor 
does uracil appear in the urine 

Although patients with severe damage to the hidne)S excrete only 
small quantities of thiouracil, their blood thiouracil level after a test 
dose is no higher than in the case of normal individuals 

The administration of thiouracil to pregnant and lactating women 
is contraindicated wc believe, b) the observation that the drug passes 
rcadil) through the placenta and also is found in comparatively high 
concentration in the milk of lactating mothers 

Thyroid Tissue after Thiouracil Therapy The appearance of 
thyroid tissue removed from thyrotoxic patients after treatment with 
ihuxtraai (o\ri a pcjjosi) ss similar to that of tissue fsom 

a non iodized toxic goiter although there is a tendency toward more 
hyperplasia and less colloid in the instance of the former In some 
patients an increase in hyperplasia is observed when sections from the 
same gland before and after therapy with thiouracil are compared 
Typically, after thiouracil treatment, the gland lias a varied appearance, 
the sections differing considerably Very tall columnar epithelial cells 
ate commonly noted, along with many papillary projections and very 
little if any colloid Apparently solid sheets of cells may be encountered 
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in some areas, the acinar structure being difficult to discern In other 
areas, the hyperplasia is less and there is somewhat more colloid 
Usual)), a marked increase in vascularity is observed 

Clinical Response to Thiouracil Therapy According to Williams 
and associates ( 1943 1946) and other leading authorities on the use 
of thiouracil in the treatment of hyperthyroidism, as a rule improve 
ment is marked within 1 week and becomes more pronounced during 
the latter part of the first month of therapy Indeed, it has been claimed 
that few if any symptoms or signs of thyrotoxicity persist after 5 to 6 
weeks Many of the more favorable reports state that the tremor, 
cutaneous changes tachycardia, palpitation, dyspnea and diarrhea dis 
appear in most cases, nervousness is alleviated, the appetite improves, 
and the patient puts on weight Although the non malignant type of 
hyperthyroidism is decidedly benefited within the first month of treat 
ment, the malignant type of exophthalmos increases m severity 

No appreciable change in consistency or size of the thyroid gland 
is to be expected during the first 6 weeks of thiouracil administration 
There may be no detectable changes in the glands of some patients after 
months of therapy with this drug, in other patients the gland may be 
come both larger and firmer, whereas in still other cases its size is some- 
what reduced and it becomes softer In certain instances glands having 
a size 3 times normal may eventually show a fifty per cent reduction in 
size, to remain indefinitely ll/> times normal size Such a decrease in 
the size of the thyroid is, however, by no means a general finding 
Many observers have remarked that an actual increase in size is the 
characteristic result While changes are occurring in the thy roid gland 
a few patients may complain of pain in the thyroid region 

There js a progressive decline in the basal metabolic rate, the nor 
mal level generally being attained within 2 to 7 weeks, the average 
length of time required for the basal metabolic rate to fall within 
the normal range is 5 weeks Sometime within the first 2 months 
of therapy the blood cholesterol also usually approximates the normal 
level Continued thiouracil administration (minimum dosage) may be 
expected to maintain normal basal metabolic rate and clinical remission 
indefinitely The longer the period of thiouracil therapy, however, the 
more likely is the development of toxic effects 

When, after a month or two, thiouracil administration is discon 
tinued, a relapse may occur within a period of from 2 weeks to about 
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a month Toxjc effects are more frequent!) observed during a second 
course of treatment than during a prolonged period of constant, dail) 
administration of the drug If thiouractl therap) lias been continued 
for more than 6 months, remission of S)mptoms maj endure longer 
than 3 months The data available at present indicate that no cures 
have been attained, relapses eventuall) occur even after treatment 
for more than a jear 

In most cases, thiouracil has been used onl) in preparation of the 
patient for th)roidectom> The drug brings about a complete remission 
of the s)mptoms preoperativ el) m a larger proportion of cases than 
docs iodide therap) As a rule (not without man) exceptions), patients 
treated preoperativ el) with thiouracil (alone) experience less cardio 
respirator) distress during the operation than do patients treated with 
iodide, the postoperative course is usuallj smoother and shorter Not 
onl) is the patient like!) to be quieter, but also the tendenq to develop 
fever and tach)cardia is less Further, the use of thiouracil has grcatJ) 
reduced the number of 2 stage operations 

On the other hand, the percentage of cases in which thiouracil 
manifests toxic side effects is comparative!) high (see page 156) Be 
sides the drug often markedl) increases operative difficulties After 
thiouracil treatment, the gland becomes more friable and bleeds more 
rcadil) Occasional!), [>cntbyotdttts is associated with thiouracil 
therap) and adds to the technical difficulties 

Effect of Previous Iodide Therap) Iodide treatment during a 
period of 6 weeks or longer preceding thiouracil treatment causes 
a retardation of response to the latter, as evidenced hy a slower re 
duction in basal metabolic rate and a slower general improvement 
«n clinical condition Iodide therap), however, has been used b) some 
surgeons as an adjunct to thiouracil therap), the purpose being to 
lessen the technical difficulties at operation 

Dosage Thiouracil is usual!) provided in tablets of 0 ! Gm each 
In ear!) work with thiouracil therap) of patients with hypcrth)roidism 
unnccessaril) large doses — 1 Gm , or ten 0 1 Gm tablets, per da), or 
even larger quantities — were tried More recent investigations have 
established that much smaller doses are as effective and, at the same 
time, arc probab!) much less toxic All extensive studies thus far 
reported suggest the use of not more than 0 4 Gm of thiouracil per 
tb) at the institution of therap) Ve arc convinced ffwt the dosage 
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should never be in excess of this quant it} Divided doses — 3 or 4 
times a da) — tend to maintain a higher level of thiouracil in the 
blood (and the th)roid) and are more effective than a single dose 
After 2 weeks of such dail) dosage, the amount administered should 
be reduced to 0 2 to 0 3 Cm per da) After the basal metabolic rate 
has been brought within the normal range, thegenerall) recommended 
dosage is 0 1 or 0 2 Gm daily 

It is the consensus that administration of thiouracil 3 times a day 
leads to a quite satisfactory response and therefore is practical, although 
it may be true that, to obtain ideal therapeutic levels of thiouracil 
in the blood and thyroid, the drug would have to be administered every 
three hours throughout the 24 

The dosage does not directly determine the concentration of thiou 
racil in the tissues of the thyroid in patients on the same dosage, the 
level of thiouracil present in the thyroid tissues of the thyrotoxic pa 
tient vanes widely — and the response is different in different patients 
No correlation has been observed between the response of the thyro 
toxicity and the concentration of the drug in the gland tissue In 
euthyroidism, as a matter of fact, a larger amount of thiouracil is 
necessary to obtain a given level of the drug in the thyroid than is the 
case in hyperthyroidism When potassium iodide is administered along 
with thiouracil, the therapeutic level of the latter is not increased 
(Bartels, 1945a) 

Synergistic Agents As we might expect, the tendency to excessive 
hyperplasia of the thyroid and the development of exophthalmos and 
other ocular disturbances to be expected from the action of thyrotropic 
hormone — as its production is increased by thiouracil — • may be pre 
vented by small doses of dessicated thyroid or thyroxin (Palmer, 1945) 
According to Bartels (1945a), iodide therapy in conjunction with 
thiouracil probably diminishes to some extent the surgical difficulties 
(especially the tendency of the gland to bleed more readily after thiou 
racil therapy) 

Duration of Preoperative Medication Because of the frequency 
of delayed response to thiouracil therapy, especially in patients pre 
viously on iodine, medication may be continued for at least 30 days 
before it can be concluded that the previously todinized patient will 
not respond to the drug, thiouracil may have to be administered dur 
ing a period of perhaps 4 months (Van Winkle et al , 1946) 
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Toxic Effects. Man) investigators believe that the incidence of ad 
verse reactions in thiouracil thcrap) of th)rotoxicosis has been some- 
what less than the incidence of complications from the more extensive!) 
used methods of treatment (Van WmUc ct al , 1916) Nevertheless 
the incidence of adverse reactions ma) be as high as to to 13 per 
cent, and death attributable directl) to the drug has been reported 
to occur in about 0 5 per cent of cases, the incidence of fatalities 
during the administration of the drug being about 0 73 per cent, ac 
cording to 1 survc> (Moore et al , 1916) Hence ever) patient under 
treatment with thiouracil should be closel) followed, extreme care 
hems ncccssar) 

The most serious complication is granuloc) topenia which ma) be ex 
petted to occur in about 2 5 per cent of al! cases treated with thiouracil, 
according to a questionnaire surve) comprehending (he results of treat 
ment of 5,715 patients b) 328 clinicians (Van Winkle ct al , 1916) 
llus toxic manifestation most frcquentl) occurs during the first 3 
months of treatment, 80 per cent of cases having been encountered dur 
mg this period Occurrence of granuloc) topenia could not be correlated 
with the dosage level In the surve) of Van Winkle and co-workers, 
a diagnosis of granuloc ) topenia was accepted when (1) the total 
white count fell below 1,000, (2) the granuloc) tes were diminished, 
and (3) such changes in the blood picture were accompanied b) the 
sudden onset of acute S)mptoms including fever, sore throat, and 
prostration It is difficult, however, to distinguish between simple 
neutropenia jnd malignant granuloc) topenia in its early stages 
Agranulocytosis ma) appear without warning, and it has been noted 
that even frequent blood counts ma) not serve to detect satisfactoril) 
the onset of this toxic manifestation It is important to teach the pa 
tient to recognize the symptoms which ma) indicate the beginning 
of the condition (Moore ct al , 1916) Tver) patient must be in 
structed to omit the drug and report immedtatel) to the ph)sici3n m 
the event of the development of sore throat, coryza or 30) febrile ill 
ness When the complication docs set in, massive doses of penicillin 
(500,000 units per da) ) ma) be found effective The risk of transfusion 
reaction would seem to rule out the suggestion that repeated trans 
fusions of small quantities of whole blood be carried out Resumption 
of thiouracil thcrap) after a lapse seems to predispose the patient 
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to agranulocytosis We would like to stress the fact that, although 
most cases of agranulocytosis de\elop during the earl) weeks of thio 
uracil treatment, the complication may appear at any time 

Leukopenia comprised one third of the all toxic reactions reported m 
the sur\e) of Van Winkle et al , this complication of thiouracil therapy 
having an incidence of 4 4 per cent Sixty per cent of cases occurred 
during the first 4 weeks of treatment, and 75 per cent had developed 
by the end of 8 weeks Still, the complication may manifest itself 
suddenly at any time, just as m the*instance of granulocytopenia We 
agree with other conservative authors that the appearance of this 
complication is an imperative indication for discontinuance of thio- 
uracil Hospitalization would seem essential if there is a decided re 
duction in granulocytes The relationship between granulocytopenia 
and leukopenia as toxic manifestations of thiouracil administration re- 
mains obscure The probability of the occurrence of leukopenia is ap 
parently increased by sulfonamide therapy 

Skin reactions have been reported to constitute one fourth of the 
adverse reactions to thiouracil, an overall incidence of 3 3 per cent was 
recorded by Van Winkle et al These reactions are decidedly varied 
and usually mild The most frequently observed skin reaction was 
urticaria Because similar dermatoses have been associated with more 
severe reactions to sulfonamide administration, the continuance of 
thiouracil therapy subsequent to the appearance of such symptoms 
would seem to be unwise 

Drug fever may be expected to occur m some 3 to 5 per cent 
of cases (Moore et al , Van Winkle et al ) Van Winkle and his 
associates found that about 85 per cent of such reactions are en 
countered during the first 4 weeks of thiouracil administration In 
some instances, temperatures ranging up to 106‘ F were recorded 
It is to be remembered that fever is a symptom of agranuloq tosis, 
hence in the event that the patient develops a fever, agranuloq tosis 
must be ruled out by immediate white blood cell and differential counts 

Many other toxic reactions to thiouracil hav e been reported in the 
literature lymph node enlargement, swelling of the lacrimal and saliv 
ary glands (Bishop and Raw son, 1946), conjunctivitis, edema of the 
feet, liver damage, jaundice, psychotic manifestations, purpura, anemia 
Occasionally , as a result of overly prolonged treatment with thiouracil, 
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mild to profound myxedema has been observed At operation under 
such conditions the hypersensitivity of the myxdcmatous patient to 
opiates must be kept in mind 

Theoretical Possibility of Carcinogenesis It has been demon 
strated bj Biclschowsky (19-11) that thiouracil administered together 
with i carci nogenet ic chemical (for instance 2 icetamtnofluorinc) in 
duces the development of malignant tumors of the thyroid The pos 
sibilit) is therefore suggested that the hyperplastic tissue of the thyroid 
in human cases to whom thiourAiI is administered ma) also give rise 
to malignant tumors provided some synergistic carcinogen (intrinsic 
or extrinsic) exerts its effects at the same time 

Adenomas are found in a high percentage of thyroid glands in 
older patients with toxic diffuse goiter further some 3 to 8 per cent 
of grossly adenomatous goiters have been reported to show definitely 
carcinomatous changes Occasionally also even in hyperplastic thy 
roids neoplasms may be revealed by histologic study to be present 
in small adenomas Careful and extensive investigations would seem 
indicated to determine if possible whether or not thiouracil may ad 
ersely influence the dyscrasia which results in adenomas and carci 
noma in situ in a great many thyroids Will prolonged administration 
of thiouracil cause clinical cancer in the older patient ? The problem 
lias been set forth by several thoughtful authors but no evidence Ins 
been forthcoming as yet 

Thiouracil in Hyperthyroidism Associated with functioning 
Mctastascs of Adenocarcinoma In 2 cases of adenocarcinoma of the 
thyroid with functioning metastascs and hvpertliyrotdism thiouracil 
produced a complete remission within a few weeks — as shown by the 
effects on the patients general condition basal metabolic rate plasma 
cholesterol body weight and blood iodine (Lcitcr et al 1916) 
Previous loduuzatioa had resulted only in aggravation of the condition 
According to Lcitcr and his associates thiouracil can suppress hormone 
production in metastascs of adenocarcinoma of the thyroid just as 
readily as the drug inhibits this process in the hyperplastic gland of 
ordinary Graves disease 

Thiouracil in Acute Thyroiditis king and Roselhm (1915) have 
reported favorable results with thiouracil in the treatment of thyroid 
itis These workers administered moderate doses of the drug to 7 
patients with acute thyroiditis 3 patients with migratory thyroiditis 



PHARMACOLOGY AND THERAPEUTIC ASPECTS 159 

and 1 patient with struma ljmphomatosa (Hashimotos struma) The 
process in all 7 patients wi‘h acute thjroiditis and 1 patient with mi 
gratory thyroiditis had had a duration of 3 weeks or less, all of these 
were sj mptom free after 1 w eek on thiouracil In one case of migrator) 
th>roiditis the drug was not tolerated and had to be discontinued 
Of the remaining 3 patients who did not respond to thiouracil 1 had 
previously been given a diagnosis of toxic goiter and had taken 10 
drops of Lugol s solution 3 times a da) for 3 months This patient 
made little improvement on thiouracil Another patient had been 
treated 5 months previousl) with x rays and was past the inflammator) 
stage No improvement resulted from 3 weeks treatment with thio 
uracil The remaining patient had previousl) received a diagnosis of 
toxic goiter and had been treated with iodine Histological examina 
tion of the gland after operation established the diagnosis of Hashi 
motos struma, also hyperplasia had apparentl) been produced b) 
thiouracil therap) The authors believe that thiouracil is of benefit in 
the acute stage of thyroiditis 

Thiobarbital 

Astwood (1945) reported that thiobarbital (dieth)l thiobarbitunc 
acid) has somewhat greater antith)roid activity in rats than does 
thiouracil, small doses seemed to be more effective in inhibiting th) 
roid function and apparentl) were less toxic than corresponding doses 
of thiouracil Fatt) infiltration of the liver results from the adminis 
tration of large doses of thiobarbital Subsequent^ Astwood and his 
associates (1945) and Bartels (1945b) reported on the use of thio 
barbital in clinical h) perth) roidism Bartels observed toxic reactions 
m 28 per cent of all patients receiving the new drug and therefore 
stated that it should be used onl) in patients who have toxic reactions 
to thiouracil "When thiobarbital could be administered without pro 
ducing toxic reactions, it appeared that response to this antith)roid sub- 
stance was similar in ever) respect to response to thiouracil The 
dosage recommended b) Bartels is onl) 0 05 Gra dail) so that the 
antith)roid activit) of thiobarbital appears to be 12 times that of 
thiouracil We believe, however, that thiobarbital is far too toxic 
to find extensive clinical use 
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6-lsoRtmL Thiouracil 

Williams (l*>16) has reported that 6 isobutv 1 thiouracil is more 
than 20 times as goitrogenic as in thiouracil in rats Tests with this 
new antithjroid drug on 36 patients indicated that it is less toxic than 
thiouracil Obvious!), however extensive studies must be carried out 
before we can determine whether or not 6-isobut)l thiouracil is as 
effective as and safer than thiouracil 

Conclusions Suggested n\ Available Data 

On the basis of the information a\ailab]c at the present time we 
agree with the majorit) of other clinicians that thiouracil is undoubted!) 
effective in the management of th) rotoxteosis and ma) ultimatel) be 
found to have some value in the treatment of th> roidrtis Even if 
thiouracil is replaced b) some safer antith)roid drug its introduction 
represents an important advance at least in the preoperativ c treatment 
of cases which have become iodine-fast and in therap) where th)roid 
ectom) is contraindicated We believe it to be obvious that thiouracil 
is valueless and contraindicated in other tigroid disorders — it should 
not be used in conditions which are not associated with h> perth) roid 
ism Van Winkle and his co w orkers hav e stated (1916) The w isdom 
of depending on thiouracil as a substitute for operative procedure can 
be determined onl) b) following the results of investigations carried 
on for longer periods The data now available in the literature cs 
fabhsh in our opinion that the incidence of severe toxic reactions is 
distinctly high enough to rule out the cxtenviv c substitution of thiouracil 
therap) for (ultimate) thyroidcctom) in thyrotoxicosis As evidence 
strongl) supporting our view wc ma) cite the following facts (1) 
supervision of the patient receiving thiouracil must be indefinitely pro 
longed cxtrcmel) careful and therefore often excessive!) tedious 
(2) no cure of (li)rotoxicosis has )ct been claimed to result from thio- 
uracil therap) (3) a fatal agranuloqtosis ma) develop suddenl) at 
an) time (1) the incidence and seventy of hepatic damage caused 
b) thiouracil administration would seem to have been underestimated 
(Moore 1916) (5) the possibility of carcinogenic action particular!) 
in the patient past middle age rcmiins largely uninvestigated (Edt 
torn! 19l5b), and (6) thiouracil is effective primaril) because of 
the changes (m ph)SioIog) if not fundamental histologj) it induces 
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in the pituitary, the grand integrator of endocrine functions No 
studies on the relation of thiouracil administration to longevity have 
been reported And the latent effects of the drug ma) esentuall) turn 
out to be far more dangerous than the early toxic effects emphasized 
at present We believe it highly significant that some of the investi 
gators who have had the most extensive experience both with thio 
uracil therapy and basic research (experimentation on animals) not 
only have of late been seeking less toxic antithyroid substances but also 
have introduced safer congeners of thiouracil into clinical practice 
(Astwood, 1946, Williams, 1946) Hence, in common with many 
other authors, we look forward to the finding of a more satisfactory 
antithyroid drug than thiouracil Certainly, caution is indicated in the 
meantime 

Thus, because the juvenile and other mild types of hyperthyroidism 
can generally be controlled quite successfully by iodine therapy alone, 
thiouracil is definitely contraindicated in these forms of hyperthyroidism 
except in the small percentage of cases unresponsiv e to iodide 

Further, the use of the drug in the malignant type of exophthalmic 
goiter appears to be beset with too many complications to justify this 
mode of treatment The continued use of thiouracil in those cases 
which manifest the less severe toxic reactions is advocated by some but 
seems to us quite inadvisable 

Of course, the remarkably favorable results obtained in a certain 
percentage of cases naturally suggests mass use of thiouracil therapy 
in hyperthyroidism Nevertheless, the high incidence of known toxic 
reactions and the e\ er present potential dangers demand such careful 
and prolonged supervision of every patient as to make previously estab 
lished procedures (iodide therapy and thyroidectomy) seem quite 
simple and, all practical factors considered, safer in comparison 

Propylthiouracil for Thyrotoxicosis 
After testing hundreds of antithyroid substances, Astwood and 
VanderLaan (1946) found that propylthiouracil is not only highly 
effective but also apparently the least toxic thio drug yet investigated 
Because of the eminently satisfactory results obtained in preliminary 
studies, Astwood and VanderLaan were encouraged to employ propyl 
thiouracil in the treatment of 100 selected cases of thyrotoxicosis 
These patients were encountered during the course of 1 year and were 



162 


THE THYROID GLAND 


treated with propjlthiouracil for periods ranging from 3 to more than 
6 months Considerable variation in the minimum effective dose was 
observed, but careful studies of the progress of the patients led Ast 
wood and VanderLaan to the conclusion that 50 mg of prop) I thio 
uracil ever) 8 hours probabl) represents the optimal dosage level for 
the routine treatment of the more severe cases Milder hjperthjroid 
cases were found to respond satisfactory to doses of 50 mg twice 
dad) Astwood and VanderLaan recommended lhat an effective dose 
should be continued until all manifestations of the disease have been 
controlled before smaller maintenance doses are substituted Some 
patients did not show the desired improvement until after man) weeks 
of thcrapv with the higher dosage Further, these workers have 
stressed the point that the routine cmplo)ment of prop)hhiouracil at 
dosage levels above those used in their investigations should await 
extensive clinical studies on the safet) of the administration of larger 
quantities of the drug 

The outstanding observation in the stud) of Astwood and Vandcr 
Laan (and in studies now in press) was that no significant side effects 
whatsoever resulted from the use of this new thio drug 

In view of the numerous toxic side effects of thiouracil — which, as 
Astwood and VanderLaan remarked, have caused mans to shun even 
the name of the drug — the apparent!) complete lack of untoward 
reactions in prop)ltluouracil thcrap) is indeed remarkable Neverthe 
less, these investigators have cautioned Doubtless some sensitivit) 
reactions will be encountered if this compound is extcnsivel) em 
plo)ed There are a few drugs which when continual!) administered 
do not provoke untoward reactions in a certain percentage of mdi 
viduals It is also true that sufficient time has not elapsed to determine 
whether or not some late-appearing or msidiousl) developing toxic 
effect ma) follow the use of props Ithiouracil All thio drugs effect 
changes in the pituitar) 

Although no true side effects were noted b) Astwood and Vandcr 
Laan. their report shows that considerable danger of the production 
of a severch)poth)roid statersassoaated with prop)lthiouracil therapj 
Incipient h)poth)roidism was detected in a number of cases Three 
patients manifested clear clinical evidence of h)pothjroidism or an ex 
cessivcl) elevated scrum cholesterol after being given 150 mg dail), 
for 21/^, 1 and 5 months, respective!) Two patients developed h)po 
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thyroidism from 100 mg of the drug daily, 1 from 50 mg daily, and 
still another from 25 mg daily Astwood and VanderLaan observed 
the following symptoms of excessive dosage lethargy, excessive gain 
m weight pasty and puffy facial appearance and conspicuous enlarge 
ment of the thyroid gland Moreover, they believed if larger doses 
than 150 mg daily are used in the future the incidence of myxedema 
will probably be troublesomely high unless careful and frequent 
examinations of the patient are not carried out 

Several of the larger clinics have already stopped the use of 
thiouracil and have instituted routine therapy with propylthiouracil 
This trend will, in all probability continue Taking into consideration 
not only the probable de\ elopment of hypothyroidism but also the 
high percentage of relapses following the use of any antithyroid drug 
in thyrotoxicosis at the present time the conservative opinion would 
seem to be that antithyroid medication should be merely a preoperative 
measure Subtotal thyroidectomy still remains the surest safest means 
not just of controlling thyrotoxicosis but of curing it 

REFERENCES 

1 Astwood E B The chemical nature of compounds which inhibit the 

function of the thyroid gland / Pharmacol & Exper Tberap 78 79 

1943 

2 Astwood E B Treatment of hyperthyroidism with thiourea and thiouracil 

JAMA 122 78 1943 

3 Astwood E B Some observations on the use of thiobarbital as an anti 

thyroid agent in the treatment of Graves disease / Chn Endocrinol 

5 345 1945 

4 Astwood E B Bissell A and Hughes A M The antithyroid activity 

of thiobarbital Endocrinology 36 72 1945 

5 Astwood. E B and. Vand«Laan. Xfl P Treatment of hi^ertlivrQuhsm 

with propylthiouracil Ann bit Med 25 81} 1946 

6 Barr D P Thiouracil in the treatment of thyrotoxicosis heu\ork Wed 

1 17 1945 

7 Bartels E C Use of thiouracil in the preoperative preparation of patients 

with severe hyperthyroidism Ann Int Wed 22 365 1945 

8 Bartels E C Use of thiobarbital in the treatment of hyperthyroidism 

JAMA 129 932, 1945 

9 Baumann E J Metzger N and Marine D Mode of action of thiourea 

on the thyroid gland of rabbits Endocrinology 34 44 1944 

to Bielschowsky F Tumors of the thyroid gland produced by 2 acety 

laminofluorine Bril J Exper Path 25 90 1944 



16-1 the thyroid gland 

11 Bishop, R C, and Raw son, R \V Mikulicz s syndrome with fever as 

an unusual complication of thiouracil therapy J Cltn bnjotrtnol , 
6 262. 1916 

12 Bojd, T M , and Connell, W F Thiouracil CjiiiJ AlAJ, 52 362, 

1915 

13 Chesncj, A M, Claw son, T A . and Webster, B Bull Johns llopltni 

Hotp , 13 261. 1928 

1 1 Clute, H M , and Williams, R II Thiouracil in preparation of thy rotoxtc 
patients for surfer) Tr Am S A, 62 50-1, 1911 

15 DeCourq, J L Use of Lugo! s solution in exophthalmic goiter Expla 

nation for beneficial results of prcopcratne medication Ann Surg 
86 871, 1927 

16 Editorial Thiouracil Ann Ini AteJ , 22 IIS, 1915 (I9l5x) 

17 Editorial Thiourea and experimental carcinogenesis in the thyroid 

JAMA 127 278.1915 (1915b) 

18 Ferrer, M I, Spain. D M, and Cathcart, R T fatal agranulocytosis 

resulting from thiouracil JAMA, 127 6-16, 1915 

19 Iranklm, A L, Chaikoff, 1 L , and Lcrner, S R Tlie influence of goitro 

genic substances on the conversion in vitro of inorganic iodide to th) 
roxinc and duodot)rosine by thyroid tissue J Bio! Cbrm 153 151, 

1911 

20 Girgdl, S L , and Leases M F Toxic reactions to thiouracil JAMA, 

127 890, 1915 

21 Himsworth. H P Thyrotoxicosis treated with thiourea Lsnett, 2 165, 

1913 

’2 Kenned), T H Thioureas as goitrogenic substances fsjinrt, 150 233, 

1912 

23 King. B T, and Roscllini. L J Treatment of acute th)roiditis with Hu 
ouracil JAMA 129 267, 1915 

21 Leiter, L Scidhn, S M, Mannclli L. D, and Baumann, T J Adcno 
carcinoma of the th)roid with h)perth)roidism and functional metas 
tascs 1 Studies with thiouracil and radio iodine / Cltn LnJocnnol 
6 217, 1916 

25 McArthur, J W.Rauson. R W , and Means, J If Idios)ncratic fchnlc 

reactions to thiouracil Ann Ini MeJ , 23 915, 1915 

26 McGavack. T H , Gcrl. A J , Vogel M , and Sch»immer, D The treat 

ment of 26 thyrotoxic patients with thiouracil and a review of toxic 
reactions in all (135) reported cases J Chn LnJoittnol 1 219, 
19-1 1 

27 MacKcnzic, G G , and MacKcnzic, J B Filctt of sulfonamides and 

thioureas on the thyroid gland and basal metabolism C> Jacnnolog), 
32 185, 191' 

28 Marine, D, and Baumann. E J Periarteritis nodosa like lesions in rats 

fed thiouracil Aub Pjib , 39 325, 1915 



PHARMACOLOGY AND THERAPEUTIC ASPECTS 165 


29 Moore, F D Toxic manifestations of thiouraoi therapy JAMA, 130 

315, 1946 

30 Moore, F D, Sweeny, D N, Jr, Cope, O, Raw son, R W, and Means, 

J H The use of thiouracil in the preparation of patients w ith hyper 
thyroidism for thyroidectomy Ann Surg, 120 152, 1944 

31 Newman, E V Thiouracil and hyperthyroidism Af Chn North America, 

29 302, 1945 

32 Palmer, M V Hyperthyroidism and thiouracil Ann hit Med , 22 335, 

1945 

33 Paschkis, K E Thiouracil in treatment of thyrotoxicosis ill Chn North 

America, 28 1362, 1944 

34 Paschkis, K E , Cantarow, A , Rahoff, A E , Walking, A A , and Tourish 

W J Thiourea and thiouracil in treatment of thyrotoxicosis J Chn 
Endocrinol , 4 179, 1 944 

35 Plummer, H S Results of administering iodine to patients having exoph 

thalmic goiter JAMA, 80 1955, 1923 

36 Soskm, S, and Levine, R Recent advances in physiology of the thyroid 

gland and their clinical application Arch hit Med 74 375, 1944 

37 Van Winkle, W , Jr , Hardy, S M , Hazel, G R , Hines, D C , Newcomer 

H S , Sharp, E A and Sisk, W N The clinical toxicity of thiou 
racil A survey of 5,745 cases JAMA 130 343, 1946 

38 Werner, S C , and Elliott, R H E , Jr Thiouracil in the treatment of 

postoperative recurrent goiter Bull Neu York Acad Med , 20 417, 
1944 

39 Williams, R H Antithyroid drugs, with particular reference to thio 

uracil Arch hit Med 74 479, 1944 (1944a) 

40 Williams, R H Further studies of the absorption, distribution, and elim 

ination of thiouracil / Chn Endocrinol , 4 385, 1944 (1944b) 

41 Williams, R H Thiouracil treatment of thyrotoxicosis I Results of 

prolonged treatment J Chn Endocrinol , 6 1, 1946 

42 Williams, R H , and Bissell, G W Thiouracil in the treatment of thy 

rotoxicosis Neu England J Med , 22 9 97, 1943 

43 Williams, R H, Clute, H M, Anglem, T J, and Kenney, F R Thio 

uracil treatment of thyrotoxicosis II Toxic reactions / Clrn Endo 
cnnol , 6 23, 1946 

44 Williams, R H , Kay, G A , and Jandorf, B J Thiouracil Its absorp 

tion, distribution and excretion J Chn hnesttgalton, 23 613, 1944 



CHAPTER VI C 


RADIOACTIVE ISOTOPES OF IODINE — USE IN 
THERAPY OF DIFFUSE TOXIC GOITER 

T he naturally occurring iodine has an atomic weight of 126 9 
and is not radioactive — 1 e , its atoms do not spontaneous!) dis 
integrate so that beta rays (high speed electrons) are emitted In 
1934 , Termi showed that artificial radioactivity could be induced b) 
neutron bombardment Since then, 9 radioactive isotopes of iodine 
have been discovered Because artificially radioactive elements are 
know n to resemble v er) closel) non radioactive isotopes (of the same 
clement, in each case, of course), it was obvious from the first that 
radioactive iodine offered a new tool for research and — possibly — 
a new means of treatment in hy perthy rotdism at least, if not m certain 
forms of thyroid carcinoma The physiological activity of the various 
isotopes of the same clement does not differ from isotope to isotope — 
except as regards the physiological effects of the high speed electrons 
emitted in the case of radioactive isotopes Artificially produced radio- 
active iodine enters into the same biochemical reactions and physio 
logical roles as docs the nonradioactnc naturally occurring iodine 
Consequently , the metabolism of iodine within the thyroid and other 
tissues of the body can be traced readily by the addition of small 
amounts of radioactive isotopes to iodine administered in a tracer 
dose — which contains tagged or labeled atoms, the tagging or 
labeling being the result of the radiations of the disintegrating atoms 
The distribution of radioactive iodine throughout the various tissues 
cm be determined by use of the Geiger Muller counter which detects 
the radiations produced by the exploding atoms 

The radioactivity of a single dose of labeled iodine permits us to 
follow the metabolic rate of iodine and to differentiate between the 
newly administered atoms and those already present within the thyroid 
or other tissues of the bodv Indeed a mere trace of radioactive iodine 
within a given quantity of iodide serves to label the entire dose, the 
ratio of tagged atoms to non radioactive atoms remaining the same 
tt66J 
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for var)mg periods after administration, the period depends upon the 
rate at which the radioactive isotope disintegrates The radioactive iso 
topes which have been, the most extensively used are l 131 (half period, 
8 days) and l 130 (half period, 12 6 hours), although in the first 
studies an isotope with a half life of only 26 minutes was used, being 
the onl) form available to certain workers 

Numerous researches have already established the unique value 
of radioactive iodine in studies on the metabolism of iodine not only 
in experimental animals but also in normal individuals, in patients 
with thyroid disorders, and certain types of cancer of the thyroid 
Further, promising results have been obtained by therapy with radio 
active iodine in certain hyperthyroid patients especially those with 
diffuse toxic goiter 

Tremendous quantities of radioactive iodine are produced as a 
byproduct in nuclear chain reacting piles, but most of the radio iodine 
used in tracer studies and therapy has been produced by the nuclear 
bombardment of metallic tellurium as the target for high speed deu 
terons (14 million electron volts) in the cyclotron 

In the first recorded studies of thyroid physiology with radioactive 
iodine as an indicator, Hertz, Roberts, and Evans (1938) irradiated 
ethyl iodide with radium to obtain radio-iodine, which they injected 
intravenously into rabbits The half period of the radioactive isotope 
which these inv estigators used was only 26 minutes, hence accurate 
measurements could not be extended beyond 40 minutes The indi 
vidual disintegrations of the radioactive atoms were recorded by 
means of a Geiger Muller counter and a standard vacuum tube ampli 
fier, the radio-iodine in the various tissues being thus detected The 
rapidity with which the thyroid accumulates iodine is remarkable 
Hertz and co-workers found significant accumulation of injected radio- 
active iodine within a few minutes after administration of the tracer 
dose Negative results were obtained with radio-active bromine, this 
shows the specificity of action of the thyroid in its accumulation of 
iodme It was also observed that hyperplastic thyroid glands, within 
the same period of time, collect several times as much radioactive iodine 
as normal glands of control rabbits No toxic reactions were noted 
in any of the 48 rabbits which were ’given radioactive iodine mtra 
venously In later experiments, Hertz et a! (1939) reported that 
the collection of radioactive iodine by the thyroid parallels the increases 
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in basal metabolic rate, the mean acinar cell height, and the weight 
of the th)roid gland that result from the injection of thy rotropic hor 
mone 

Hamilton and Sole} (1939), stud) mg patients with hyperthyroid 
ism, confirmed the findings of Hertz and his associates with respect to 
markedly increased iodine uptake bj hyperplastic glands Hamilton 
and Sole) administered to each patient a tracer dose consisting of a 
total of 14 mg of iodine m the form of sodium iodide m distilled 
water and providing between 24 and 100 microcuries of radioactive 
iodine The radioactive iodine had been prepared b) neutron bombard 
ment of a tellurium target placed in the cyclotron at the University 
of California Norma! human controls as well as patients with va 
nous types of goiter were studied after ora! administration of the 
labeled iodine None of the patients had received iodine before the 
tagged element was given and no additional iodine was administered 
until the experiments were concluded The observations of Hertz ct al 
on rabbits were fully substantiated not only with respect to the in 
creased uptake of hyperfunctioning glands but also as concerned the 
time for initial thy raid collection — which appeared to be simply the 
time required for the iodine to reach the thyroid Iodine was shown to 
be stored to a significant extent only in thyroid tissue, although a certain 
percentage of the dose is always distributed to all the tissues The 
activity of the diffusely distributed iodine is invariably so slight as to 
escape detection The tagged atoms are excreted gradually via the 
kidneys Hamilton and Soley failed to observe more than a few per 
cent in the feces The prompt accumulation of radioactive iodine by the 
glands of patients with hyperthyroidism was followed by a rapid 
loss of from 50 to 80 per cent of the labeled atoms which had been 
raken up during the first few hours subsequent to the administration 
of the tracer dose Hamilton (1912) points out that these results 
prove hyperactive thyroid cells to have an altered mechanism for the 
retention of recently deposited iodine, thus, their marked avidity for 
the accumulation of iodine is offset by the rapid loss Patients with 
hypothyroidism show a reduced capacity to concentrate iodine in their 
thyroids This small uptake of iodine by the glands of hypothyroid pa 
tients may be explained, according to Hamilton (1912), by the fact 
that their thyroid tissue cannot produce thyroid hormone m sufficient 
quantities to meet metabolic requirements Evidence was obtained in 
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favor of the view that the mam factor in the failure of the thjroid^ 
of such patients to accumulate iodine is the inabilit) to s)nthesize the 
thyroid hormone 

In a later senes of experiments, Hamilton and his associates, large 
doses of radioactive iodine (l 131 with a half life of 8 dajs) were 
given to rabbits and dogs These large doses caused almost complete 
destruction of the th>roid gland in ever) animal There was no evi 
dence of damage to the other tissues of the bod} Subsequent!), much 
smaller doses of radioactive iodine were gnen orally to 3 patients with 
hyperthyroidism Each of these patients showed marked clinical im 
provement within 4 to 6 weeks, the basal metabolic rate ultimatel) 
approached normal levels Hamilton and co-workers were not able 
to observe any untoward reactions attributable to the radioactne ele 
ment, either during or after the period of administration of the new 
therapeutic agent After 4y 2 months, 2 of the patients w ere in a state 
of complete clinical remission , the third patient required onl) 1 
more (small) dose of radioactne iodine 

These earl) reports of favorable results with radio iodine in hjper 
thyroidism at once attracted attention throughout the world and have 
stimulated extensive research wherever radioactive iodine has been 
available Thus far, however, most of the inv estigations have been on 
animals and have involved fundamental physiological and biochemical 
considerations The number of recorded cases of clinical applications 
is steadily increasing, the earl) results are definitel) impressive 

Biochemical Investigations 

Tracing Effects of Sulfonamides H)pertroph) and hyperplasia 
of the th)roid gland result from the administration of an) one of a 
number of sulfonamides, just as in the case of thiourea and thiouracil 
(Astwood, 1943, MacKenzie, 1943) These compounds appear to 
dimmish the production of the th)roid hormone, Astwood has sug 
gested that their action is elsewhere than in the gland and may be 
concerned with the synthesis of some essential component or precursor 
of the hormone As Franklin and Chaikoff (1943, 1944) point out 
the sulfonamides could interfere with the following reactions (1) 
selective removal of the circulating inorganic iodine b) the th)roid, 
(2) incorporation of inorganic iodide into th)roxine and ditodo 
t)rostne, and (3) release of the hormone into the blood Morton and 
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Chaikoff (1913), using labeled iodine, showed that sunning prepara 
tions of thyroid tissue (rat dog sheep) readily conv ert inorganic iodide 
to thyroxin and duodotyrosme Subsequent!), Franklin and ChaikolT 
(19M) demonstrated that the conversion of inorganic iodide to th) 
roxin and diiodotjrosine is dtrectl) interfered with bj the sulfona 
mides, the incorporation of radioactne iodine into th)ro\in and 
duodot)rosme b) sunning slices of thjroid tissue was measured and 
it was found that sulfanilamide, sulfa p)ridinc sulfaguamdine, and 
sulfathtazole inhibit the formation of radiothyroxine and radiodnodo 
t)rosme Nevertheless, the capacit) of sunning th)roid slices to re 
move radioactive iodine from the Ringers solution — that is the 
extraordinary iodine-concentrating capacit) of thjroid tissue- — was not 
apprcciab!) reduced b> the presence of a sulfonamide The precise 
mechanism b) which the sulfonamides inhibit formation of th)roxinc 
and duodotyrosme remains undetermined 

Tracing Effects of Goitrogenic Substances Biochemical in 
vestigations of the goitrogenic effects of thiourea, thiourea dernatncs 
(such as allylthiourea and phenjlthiourea), cyanides, thiocyanate and 
the sulfonamides hive been facilitated b) utilization of radio iodine 
(cspeciall) l m ) In common with most authors we regard it as cs 
tablished that the h)pertroph) and h)pcrplasta of the th)roid gland 
induced b) these substances are not results of the direct stimulation 
of th>roid tissue — their goitrogenic effects are not observed in tht 
typophjsectonuzed animal and increased thjrotropic hormone activity 
appears to be the cause of enlargement of the glands (see page 151) 
Using labeled iodine, Tranklin Chaikoff and Lerncr (19 14) recorded 
excellent ev idence in favor of the view that thiourea thiouracil and ally 1 
thiourea in exceeding!) minute concentrations inhibit the conversion of 
circumambient inorganic iodide to thyroxin and diiodotyrosmc by sur 
vising thyroid tissue The reaction involved is extremely sensitive — 
allylthiourea in a concentration as low as 10~*M markedly diminishes 
the formation of radiothyroxine and radioduodotyrosine Further 
p-aminobenzoic acid and p-aminophenylacctic acid also were found to 
have a markedly inhibitory influence on the rate of conversion of 
inorganic iodine to thyroxin and duodotyrosme These 2 compounds 
not only have goitrogenic properties but also structurally resemble the 
sulfonamides 

The administration of thiouracil to experimental animals is fo! 
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lowed by the de\elopment o£ hyperplastic, hypo functioning thyroid 
glands, this effect has been attributed (b) most workers) to an in 
creased secretion of thyrotropic hormone by the pituitary gland Fur 
ther, injection of thyrotropic hormone leads to the dev elopment of 
a hjperfunctionmg, hyperplastic goiter Larson et al (1945a) have 
compared the effects of thiouracil and of injected thj rotropic hormone 
on the concentration of radioactive iodine and the anatomic changes 
induced in the thyroid, and have thus been able to investigate directly 
the physiologic differences between these two goitrogenic agents 
During the first 5 days after the administration of thiouracil to the 
chick, no anatomic changes were detectable Subsequently, however, 
hypertrophy and hyperplasia — as measured by increase in thyroid 
weight and mean acinar cell height — rapidly developed Except for 
this lag in onset, however, the histologic changes resulting from 
thiouracil administration were observed to be identical with those 
resulting from injection of thyrotropic hormone Thyroids made 
goitrous by administration of thiouracil were found to have a greatly 
reduced capacity to concentrate (radioactive) iodine, following the 
withdrawal of thiouracil, at least some thyroids were observed to 
acquire rapidly a capacity to store iodine m much larger quantities 
than could the control glands — collection of iodine being increased 
to about the same value as in the case of thyroids rendered hyperplastic 
by injection of thyrotropic hormone These authors believe that the ca 
pacity of thiouracil to dimmish the collection of radio iodine by the 
thyroid may be its essential and primary effect The thyroid hyper 
plasia which develop* Uter appears to be functionally as well as histo 
logically identical vv th thar induced by thyrotropic hormone injection 
Tne extensive Studies raarington indicate die proWdie course 
of events in the synthe*is of thyroxine by the thyroid gland, dnodo 
tyrosine seems to be the natural precursor of thyroxin The natural 
synthesis of the latter may be assumed to involve two chief steps 
(1) lodization of tyrosine and (2) the union or coupling of two 
dnodoty rosine molecules to form thyroxin Free iodine must be 
present for the first step to be accomplished But iodine is taken up 
in the form of lodid by the thyroid — consequently, for free iodine to 
be produced and duodoty rosine to be synthesized, a strong oxidizing 
agent is required Larson et al (1945) have remarked that thiouracil 
and substances having a similar physiological action may act primarily 
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Iif, 22 Sections of t! e thjroid gland of a patient (RD) with exophthalmic 
go ter and a basal metabolic rate of plus forty per cent and the correspon I 
mg radio iodine autographs A comparison of the photomicrographs (A and 
C) whch are tjpical of toxic d flusc hyperplastic goiter and the rad oauto 
graphs of these sections (B and D) again emphasues that the rad o iodine is 
deposited in the colloid 77m is especially clear when comparing the arrow 
i nd rated areas (Trom Leblond C P Tertman M Been Puppcl 1 D 
Curtis George M Rad o tod ne Autograph) in Stud es of Human Goitrous 
Thjroid Glands Axbiies of Pjt/ology 4l 510 513 1916) 



Fig 23 Sections of thyroid gland of a patient (ES ) with non toxic diffuse 
colloid goiter and a basal metabolic rate of minus se\en per cent and the 
corresponding radio iodine autographs A comparison of the photomicrographs 
(A, C, E, and G) and the radioautographs of these sections (B D F, and H) 
demonstrates that the radio iodine is deposited in the colloid This remarkable 
feature is reemphasised when the arrow indicated follicles of A, C, and E are 
compared with the arrow indicated radioautograph ic areas of B D, and F 
Note that the radioautographic areas are almost similar in configuration to the 
colloid areas present Note also that the vacuole in section G shows practically 
no radioactisity in H (From Leblond C P, Fertman M Been Puppel, I D 
Curtis, George M Radio iodine Autography in Studies of Human Goitrous 
Thyroid Glands, Archnes of Pathology 41 510 315, 1946) 
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b) inhibiting the enzyme system which pros ides the oxidizing agent 
neccssar) for the synthesis of thjroxin Another suggestion made 
by these authors is that thiouracil may have some obscure effect on 
iodides so that the) are presented from entering into the indicated 
organic 5) n thesis, this effect maj tale place through biochemical 
processes induced to occur in thjroid tissue Larson and his associates 
observed inhibition of the capacit) of the thyroid to collect iodine fol 
lowing the injection of thiouracil, this inhibition attaining a maximum 
within an hour after the initial dose of thiouracil Further, these 
workers have demonstrated that thiouracil likewise inhibits collection 
of radKModme b) (1) the thyroid of the normal animal, (2) the 
thyroid made hyperplastic by injection of thiouracil, and (3) the 
thyroid made hyperplastic by injection of thyrotropic hormone This 
effect disappears within 24 hours Larson et al conclude that the in 
hibitory influence of thiouracil on radio iodine collection by the thy 
roid may be the result of suppression of synthesis of iodine containing 
compounds of the gland These studies tend to confirm the findings of 
Astwood (1913), which indicate that thiouracil acts primarily b\ 
inhibiting thyroid hormone production thyroid hyperplasia being t 
secondary result 

Taurog Chaikoff, and Tranklin (1915) tested 40 compounds 
structurally related to the sulfonamides and aminobenzoic acid for 
their effects on the in \itro conversion of l ,s * (radioactive iodine) to 
thyroxin and duodotyrosme by surviving thyroid slices They found 
that a free aromatic group or a free hydroxyl group increases inhibitory 
activity in the conversion of inorganic iodide to thyroxin and dnodo 
tyrosine by thyroid tissue Acetylation, causing blocking of the amino 
group also increases inhibitory activity Such groups as the sulfonamide 
sulfonic acid and carboxyl were shown to be unrelated to activity in 
the interference with conversion of iodide to thy Toxin and dnodo 
tyrosine These authors belies c that ease of oxidizability is definitely 
correlated with inhibitory activity among the compounds tested 

Extending the line of imcstigation instituted by Leblond and Sue 
(1910), who had demonstrated the increased capacity of the thyroid 
to fix radioactive iodine following injection of thyrotropic hormone, 
Keating ct al ( 1945) studied the effects of this hormone on the histo 
logic structure of the chick thyroid, which is remarkably sensitive to 
such stimulation Keating and his associates observed that changes 
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m the weight of the thyroid or its size may be the result of changes 
in (l) \asculanty, (2) stroma, (3) colloid, (4) size of acinar cells, 
or (5) number of acinar cells Injection of thyrotropic hormone sug 
gested that several of these factors are caused to undergo change A 
definite increase in the size of the acinar cells was noted, together with 
an increase in blood supply — but at the same time there was a de 
crease in the quantity of colloid material These workers expected that 
they would find an early and pronounced increase in the quantity 
of stored (radioactive) iodine as a result of thyrotropic hormone stimu 
lation, many experiments, however, failed to reveal any changes in 
this function until after histologic changes become marked With in 
creased thyrotropic stimulation, the increase in the capacity of the 
thyroid to collect radio iodine does not appear to keep pace with the 
increasing weight of the gland When varying degrees of stimulation 
were produced by these investigators it was ascertained that after 
injection of small amounts of thyrotropic hormone, increases in the 
storage of radio-iodine exceed the anatomic changes But when larger 
quantities of thyrotropic hormone were given the storage of iodine 
did not increase in proportion From these observations it may be 
concluded that the extensively growing and proliferating thyroid has 
for a time at least a lessened capacity for iodine storage 

In the same studies, it was found that after the injection of thyro 
tropic hormone, thyroid hyperactivity is speedily detectable, and be 
comes conspicuous within twenty four hours, as shown by the increase 
in the mean acinar cell height No increase in the stored radioactive 
iodine was detectable until 48 hours had elapsed Loss of iodine 
previously stored in the thyroid was promptly accelerated by admims 
tration of the thyrotropic hormone, this may be assumed to indicate 
an accelerated secretion of thyroid hormone from the gland as a result 
of stimulation by thyrotropic hormone 

A number of workers have shown that, soon after injection of 
radioactive iodine, the uptake of the labeled substance is greater in 
the case of the stimulated thyroid and smaller m the case of resting 
thyroids, as compared with uptakes in controls (Hertz and co workers, 
1938, 1940, Leblond and co-workers, 1940, 1941, 1944, Hamilton and 
Soley, 1940, 1942, Horton et al 1941, 1942) Using the autograph 
method, Leblond (1944) essentially confirmed earlier determinations 
made with radioactive iodine and resting as well as stimulated thy roids 
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He points out, further, that the radioacti\e iodine is more abundant 
in the acidophilic than in the basophilic colloid, whatever the con 
dition of the thyroid, stimulated or resting This im estimator has noted 
that the presence of more radioactive iodine in the acidophilic follicles 
maj be explained in either of two wajs (l) these follicles take up 
more radioactive iodine, or (2) acidophilic follicles release less radio 
active iodine The acidophilic follicles are known to be characteristic 
of the inactive gland and fix little iodine, hence it docs seem likel) 
that acidophilic follicles actuall) incorporate 1 1SI more actively than 
do the basophilic follicles It is significant that acidophilic follicles 
found in exceptional instances in the stimulated thyroid have a low 
epithelium and small nuclei which cause them at least to appear less 
active than the basophilic follicles within the same gland This is 
additional evidence against the view that acidophilic follicles are more 
efficient in extracting iodine from the blood It must be concluded that 
the basophilic follicles arc featured by a more rapid turnover and 
excretion of iodine than are the acidophilic ones which must retain 
the fixed iodine longer In fact, Morton et al (191!) have shown that 
organic iodine is excreted from the thyroid more actively when the 
gland is stimulated and therefore presumably basophilic Presumably 
acidophilic glands from hypophyscctomized animals show, m contrast 
a markedly diminished rate of excretion of radioactive iodine fMor 
ton 1912) 

Leblond (1911) thinks that the staining affinity of the follicles as 
related to the excretion of the iodized products may be explained 
by De Roberts' findings a larger quantity of proteolytic enzyme is 
present in the colloid of stimulated (and therefore presumably baso 
philtc) glands than in the colloid of normal glands The hydrolysis 
of the colloid, a process believed to precede the diffusion of iodized 
products from the gland, may be facilitated by these enzymes (Lerman 
1912) Basophilic follicles may more rapidly eliminate radioactive 
iodine because of a more rapid hydrolysis of the iodine-con taming sub- 
stances of the colloid Whereas the entry of iodine into thyroid tissue 
seems to be directly dependent on the size and activity of the acinar 
cells, the elimination of the iodized products appears to be intimately 
related to the condition of the colloid (Leblond, 1911) The uptake 
and release of iodine may proceed at different rates in different follicles 
of the same gland, but it must be assumed that both processes are con 
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tinuously under way in all follicles, even those of the comparative!) 
inactive glands of hypoph) sectomized animals 

Metabolism of Radio-Iodine as Affected b) High and Low Tem- 
peratures. Authorities are in general agreement that the activity of the 
thyroid is increased by exposure to cold and is decreased by exposure to 
elevated temperatures Leblond et al (1944) used radioactive iodine 
(l 132 ) to determine the activity of the thyroids of rats exposed to ex 
tremes of temperature The thyroid tissue of animals exposed to cold 
(4* C ) for periods varying between 1 and 26 days fixed (or concen 
trated) much more radioactive iodine than did the controls Exposure to 
cold for 1 day resulted in the fixation of 1 85 times as much iodine as was 
bound by the thyroid tissue of controls Exposure to cold for 26 days 
led to the fixation of 2 7 times as much radio iodine as in the instance of 
control animals In distant contrast are the results of exposure of 
the animals to heat (32° to 34* C ), much less iodine being mcorpo 
rated by the thyroid tissue of these animals Animals exposed to ele 
vated temperatures for 7 days fixed only 0 69 of the amount con 
centrated by the controls Those exposed to high temperature for 29 
days fixed still less — 0 55 the control value Histological study pro 
vided evidence that the cellular changes paralleled the increase or 
decrease in thyroid activity as shown by the analyses subsequent to 
administration of the labeled iodine Further, in the instances of the 
animals exposed to cold, separation of the iodine fractions of the 
thyroid at various time intervals demonstrated that the turnover of 
thyroxin and the excretion of iodized products are increased to ap 
proximately twice the normal rate Taking into consideration iodine 
fixation, thyroxin turnover and excretion of iodized products, the 
effect of heat is less marked — but, although slight, the influence of 
heat can be observed as ear}) as one da) after the beginning of the 
exposure and persists for some 26 days 

Iodine Metabolism in Graves' Disease 
In the first extensive studies with radioactive iodine in Graves 
disease. Hertz, Roberts and Salter (1942) administered the labeled 
element (chiefly the 8 day isotope, l 131 ,) to patients with this thyroid 
disorder and to normal controls These workers were able to follow the 
absorption and excretion of the radio-iodine in doses of various sizes, 
administered at various times during the course of preoperative todini 
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zation The patients who were studied had had no iodine previous to 
hospital admission In 19 cases, glands were obtained at operation 
but it was found that the uptake of the tagged element by the thyroid 
could not be direct!) determined from tissue samples, the radio iodine 
having non uniform distribution through the gland tissue Hence 
relative measurements of the concentration of labeled iodine m the 
th)roid were made b) use of a Geiger Muller counter After a pre- 
liminar) period of bed rest, the basal metabolic rate was determined 
and afterwards the tracer dose was orall) administered When external 
measurements indicated that the th)roid iodine Ic\el had reached a 
relative!) constant value, routine lodimzation w as instituted follow mg 
the development of maximal clinical as well as metabolic response 
(within a week or 10 days), subtotal th) roidectomy was performed 
on the 19 patients an estimate of the residual thyroid tissue being made 
in each instance Histologic stud) was made of a portion of the 
excised tissue, chemical fractionation of the remainder being carried 
out The fractionation was to determine the concentrations of the 
thyroxin like and duodotyrosme like substances Analyses of blooJ 
and urine were also performed Three cases were not operated on for 
clinical reasons 

A comparison was made of the patients who received iodine before 
the administration of radto-iodine and patients given similar doses 
of the tracer substance About 2 0 per cent of a 2 5 mg labeled dose 
was collected and concentrated in the thyroid of the typical, completely 
todinized patient, the elapsed period being about 24 hours A patient 
who has been less completely todinized may be expected to show a 
much greater collection of labeled iodine from a comparable dose A 
previously umodimzed patient will, according to Hertz and co workers 
exhibit almost complete collection the hyperplastic gland of Graves 
disease may collect initially 80 per cent or more from a sufficiently small 
dose (2 mg ) These results arc quite in accordance with those ob 
tamed by Hamilton (1942) The larger the dose of labeled iodine, the 
smaller the percentage collected by the thyroid gland The large per 
centage uptake from a small dose in Graves disease (patient not pre 
viously lodimzed) is even greater than one would expect in view of 
the observations on animals whose glands have been rendered hyper 
plastic by the administration of thyrotropic extract of the hypophysis 

It is noteworthy that much of the iodine from larger doses ap- 
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parently becomes diffusely distributed throughout all the tissues of the 
body In most subjects, the initial iodine collection by the thyroid 
does not exceed about 5 mg from a single dose Thus, there is a dosage 
'ceiling” above which the average collection by the thyroid remains 
constant, a very low percentage uptake being characteristic especially 
in the case of the lodmized patient 

Iodine Loss (Excretion) In normal individuals, \ery little iodine 
is excreted within the first 4 or 5 days subsequent to the administration 
of a dose of the tracer substance On the other hand, as noted also 
by Hamilton (1939, 1942), the untreated cases of Gra\es disease 
show a marked loss of iodine both from the gland and by excretion 
via the kidneys during the same period, these are the subjects which 
manifest maximal uptake of (tracer) iodine Hertz, Roberts, and 
Salter remark that the tendency of thy roid tissue in Grav es disease is 
not to become saturated with iodine by accumulating small quantities 
but is rather to take up this iodine and secrete it — possibly in calori 
genic form as hormone (or modified hormone) 

Urine studies showed that about half of the tracer iodine, initially 
stored by the thyroid but soon secreted or released, may not appear 
in the urine of the patient with Graves disease Only a very small 
percentage of iodine is excreted by way of the feces (Hamilton and 
Soley, 1939) Attempts to detect the location of this iodine by means 
of the Geiger Muller counter have not been successful This lost 
iodine must be more or less uniformly distributed throughout the body 
tissues Hertz, Roberts and Salter have considered the problem as to 
whether this iodine is in organic or inorganic combination, above all, 
is it in calorigenic form 5 Analysis of the radioactive material in the 
blood provided evidence that the greater part of the labeled iodine is in 
preteva C'are.WAfowv wwd therefore re.iy be caforegewvc. fore?. 

Analysis of Thyroid Tissue after Operation. Analysis of thyroid 
tissue after operation on patients who had received tracer doses of 
iodine revealed that the general trend is for the tracer atoms to be in 
creased m the thyroxin like fraction and decreased m the non thyroxin 
like fraction as the time following administration increases 

These eaxly studies obviously have important bearing on the prob- 
lem of the therapeutic use of radioactive iodine in Graves’ disease, as 
discussed m a later section (page 186) 
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Radio Iodint in Childhood Hv pothyroidism 

The well known fact that the extremes of thyroid dysfunction — 
as represented by the myxedematous gland and the hyperplastic thy rord 
in toxic goiter — show certain similarities, still inexplicable, has been 
once again demonstrated, in radioactive iodine studies in childhood 
hypothyroidism reported by Hamilton Sole), Rcill), and Dehorn 
(1943) The uptake curves of radio iodine in two goitrous patients 
were found to resemble closely the corresponding curves obtained in 
patients with toxic goiter by Hamilton (1912) and others (Hertz and 
Roberts, 1912a, b) 

Less than one fiftieth the amount of radioactive iodine necessary to 
produce (observable) biological changes was administered b) Hamil 
ton et al (1913) to 10 children with severe hypothyroidism, 3 chil 
dren were less than 1 year old, the ages of the other 7 ranging from 
3V*» to 19 years (The 19)ear-old adolescent was a typical cretin) 
None received iodine for 6 weeks prior to the giving of the tracer 
dose, during a period of several hours prior to the test, no food 
was permitted Each of the 2 youngest children was given 3 5 mg 
of sodium iodide containing a known percentage of radio-iodine, and 
each of the 8 other patients received 1 1 mg of the same preparation 
Uptake was measured by a Geiger Muller counter placed over the 
isthmus of the thyroid gland The two patients, aged 41/2 years and 
19 years respectively, who had goiters, showed rapid and complete 
uptake of the labeled iodine within 4 hours, but also a rapid loss 
of about three fifths of the accumulated iodine vv ithin 2 1 hours, a more 
gradual loss being observed during the next 1 days Hamilton et al , 
however, did not determine the form in which the tagged iodine was 
lost from the thyroid, but they state that, if the iodine were in the form 
of active hormone, then such cases should be able to maintain them 
selves in a normal state of thy roid function w hen iodine is administered 
in sufficient quantity Nevertheless, we would like to stress the point 
that there must be many exceptions to such a generality it is well 
known that many goitrous patients with severe hypothyroidism are not 
benefited by iodine alone — by any means 

It is noteworthy that 8 other patients showed inability to absorb 
and concentrate within the thyroid gland enough iodine to maintain 
norma! iodine balance Their thyroid tissue accumulated so little iodine 
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that accurate measurements were not possible until 5 days had elapsed 
Meanwhile, most of the labeled element was excreted, excepting a 
minor fraction stored w ithin the gland Tw o cases v. ere found to hav e 
accumulated 0 05 per cent or less of the radio iodine, 2 accumulated 
0 1 per cent, and 3, 0 5 per cent or slightly more, within the gland tissue 
In earlier studies, it has been obsened that normal children (ranging 
in age from 4 to 10 years) may be expected to retain some 2 per cent 
of the radioactive element, the normal adult gland retains approxi 
mately twice as much, after the elapse of 5 days Palpable glands were 
present in the 3 children whose uptake was 0 5 per cent or slightly 
more 

When in a later study, each patient was given a much smaller dose 
of radio iodine (01 microgram), the uptake was relatively much 
greater in 4 patients with hypothyroidism but without goiters, by the 
end of the fifth day after ingestion of the tracer iodine, these patients 
accumulated from 1 9 to 4 5 per cent of the radioactive atoms within 
their thyroid glands These determinations are in accord with the 
findings repeatedly made in adults thyroid tissue will accumulate a 
greater proportion of a small dose than of a large dose of labeled 
iodine (Hertz, 1941, Hertz and Roberts, 1946) Hence, in children 
as in adults, the administration of very minute amounts of radioactive 
iodine will serve to reveal active thyroid tissue (capable of concen 
trating iodine) in hypothyroidism or myxedema In normal adults a 
dose of approximately 2 ten millionths of a gram of tracer iodine may 
be expected to result in a 20 per cent uptake or from 4 5 to 10 times 
the uptake noted when the test dose is 14 mg of radioactive prepara 
tion In the 4y 2 year old goitrous patient (who had a thyroid gland 
weighing an estimated 50 Gm ) the maximum uptake was approxi 
mately 53 per cent, whereas the thyroid of the goitrous cretin aged 
19 years (slightly enlarged thyroid) was found to have a maximum 
uptake of about 33 per cent of the labeled iodine These two goitrous 
subjects — as demonstrated by radioautographs of the excised gland 
— 'had most of the radioactive iodine concentrated in the cells of the 
acini rather than in the colloid Hamilton et al state One must 
assume that some fault prevents release of an active thyroid hormone 
from the accumulated iodine otherwise these patients should not 
have had the severe degree of hypothyroidism which was obvious even 
on casual clinical examination In the two goiters (removed within 
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18 hours after the administration of the tagged iodine), one fifth 
of the jodme was analytically demonstrated to be in the form of 
thyroxin, if this thyroxin was not retained by the gland as a result 
of some obscure pathologic functioning, then these patients presumably 
would have maintained themselves in normal thyroid balance, ac 
cording to the authors It must be observed that these results are only 
to be expected the thyroid tissue of adults with myxedema are gen 
erally non functional, being atrophied and fibrosed 

Thyroid Carcinoma w mi Metastasis 
In cases of carcinoma of the thyroid studied by giving radioactive 
iodine before operation the malignant tissue removed showed only 
one hundredth of the quantity of labeled iodine found in the normal 
tissue of the same gland (Hamilton, Soley, and Eichorn 1910) Com 
menting on this inability of the carcinoma of the thyroid to concen 
trate iodine, Hamilton (1912) has remarked that radioactive iodine 
woutd not seem to be of therapeutic value m cases of this nature 
Trantz and associates (19 11), however, note that the types of carcinoma 
to which Hamilton refers did not appear to be well differentiated, but 
agree that, except for the adenoma malignum type, chemical analyses 
reveal low iodine content m carcinomatous thyroid tissue 

We believe that radioactive isotopes of iodine must be assumed to 
be of insignificant value in all but a very few carcinomas of the thyroid, 
clement 85, or cka iodine (page 191) may eventually be found to 
have somewhat greater effectiveness because of its far more powerful 
alpha ray s Only in those cases of carcinoma w ith or without metastases 
but with by perthy roidi sm (indicating an excess of functional tissue 
or hyperfunctioning tissue) would radioactive iodine be expected to 
have beneficial effects Well differentiated tumors of the thyroid are 
very rare Ward (1914), in an extensive review of surgical material, 
emphasized the lack of demonstrable correlation between carcinoma 
of the thyroid and clinical hyperthyroidism, among 168 cases of cancer 
of the thyroid he was able to find only 1 case of carcinoma in a 
diffuse toxic goiter We cannot expect thyroid like functioning in the 
highly malignant anaplastic carcinomas that grow with extreme rapidity 
and, having no organoid arrangement, produce no colloid The his 
tology of the small group of tumors midway between the quite un 
differentiated and the well differentiated forms does not suggest 
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significant endocrine functioning Frantz et al believe that there 
may be considerable functional tissue in the more benign forms often 
grouped under the misleading heading of adenoma maltgnum, and 
observed to be of two mam types (l) the papillary form, frequently 
containing colloid, and comprising a large percentage of the tumors 
that involve lateral aberrant thyroid tissue — these metastasize usually 
to lymph nodes and later to the lungs but rarely to the bones, (2) the 
type which resembles embryonal, fetal or simple adenoma and which 
exhibits a high degree of differentiation even in metastases — these 
often undergo widespread metastasis to osseous structures Tracer 
doses of iodine may be valuable diagnostically, but only in those 
instances in which localization occurs In several cases, Frantz and 
her co workers observed that failure of uptake by cancerous tissue does 
not mean the tumor is not of thyroid origin In 2 cases of colloid 
containing bony metastases there was no uptake of radioactive iodine 
A so-called Hurthle cell tumor, presumably functionless was found m 
one case These investigators were, however, surprised to find no up 
take in the other case, in which there was a well differentiated ade 
noma mahgnum, the significance of the finding was not clear, es 
pecially in view of the determinations made in the following case 
In 1 patient, storage of radioactive iodine in a metastasis from a 
thyroid carcinoma was followed over a prolonged period with re 
markable cure by Frantz et al Seven years after an encapsulated, ex 
tremely vascular tumor had been removed from the isthmus of the 
thyroid gland, roentgenograms disclosed metastases (confirmed at 
autopsy) to the left humerus the lower end of the right femur, the 
upper end of the left femur and the left parietal bone A needle 
biopsy of the tumor in the left parietal region and subsequent micro 
scopic examination led to the recognition of a well differentiated ade 
noma with small colloid follicles Basal metabolic rate and serum 
cholesterol, however, were within normal limits and remained so 
Radiotherapy was instituted, but after 2 months it was interrupted to 
permit the administration of a tracer dose of radioactive iodine 
(with a half life of 8 days) The Geiger counter showed that the 
tracer iodine w as taken up in considerable quantity by the metastasis in 
the right femur as well as by the thyroid gland but was not stored to 
any appreciable extent in the other bony metastases It was considered 
possible that radiotherapy induced necrosis may account for the lack of 
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storage in these foci The rate of disappearance of radio-iodine from 
the right femoral metastasis paralleled closely the rate of loss from the 
th)roid gland The administration of 54 mg of potassium iodide did 
not wash out the radio-iodine from the gland or this metastasis, hence 
the authors assumed that the iodine was bound in these foci, prob- 
ably in organic form as seems quite probable to us Localization 
within the thyroid gland and the one metastasis suggested the possibil 
itj that a larger dose might afford selective internal irradiation and 
ten miUicuries largely of the 12 6 hour half period isotope, were ad 
ministered, 6 per cent of the radioactive material was stored in the 
thyroid and 30 per cent in the right femoral metastasis A month later 
a tracer dose was given, the right femoral metastasis showed no uptake 
this time — a finding interpreted by Trantz et al as evidence of the 
effectiveness of the internal irradiation At least the iodine-storing 
or fixing capacity of the metastasis in question was impaired Metas 
tases increased in number and extent, the patient s condition rapidly 
becoming worse At autopsy, the final anatomical diagnosis was carci 
noma of the thyroid with numerous extensions throughout the body 
It is noteworthy that well differentiated tumor tissue found in the 
metastases had not — except in the instance of the metastascs to the 
right femur — shown iodine storing capacity Hence it is difficult to 
agree with Trantz ct al that, in certain cases of this type effective 
therapeutic internal radiation of metastascs may be achieved with large 
enough doses of radioactive iodine In this connection, it must be 
emphasized that in another case of well differentiated adenoma malig 
num these w orkers observed no uptake of radioactiv c iodine — a find 
ing that should not be surprising in view of the inability of most of 
the numerous metastascs to concentrate iodine, in the cast just cited 
Frantz et al mention the case of a child with total thyroidectomy and 
possible metastatic tumor not demonstrable roentgenologically, the site 
of persisting disease presumably being located by means of the Geiger 
counter and radioautographs \Ve beheve that radio iodine will prove 
very valuable in aiding diagnosis in this way, but such cases are indeed 
rare 

The frequency of carcinoma of the thyroid with metastases but 
without hyperthyroidism is in sharp contrast with the very low inci 
dence of thyroid carcinoma with metastascs and hyperthyroidism — 
functioning ovarian struma not being regarded as of metastatic origin 
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but, in all probability being the result of the growth of embryomcally 
displaced, or ectopic, thyroid tissue The two unique cases showing the 
association of adenocarcinoma of the thyroid, functioning metastases 
widely distributed in the osseous and pulmonary system, and clinical 
hyperthyroidism ha\e recently (1946) been reported by Leiter and his 
associates In this study, radioactive iodine was used as an indicator 
of the functional activity of the metastases In one case, tracer iodine 
showed the absence of functional thyroid tissue m the neck and demon 
strated that the metastases were functional and therefore responsible 
tor the hyperthyroidism The administration of thiouracil effected a 
complete remission of the hyperthyroid symptoms and signs in both 
patients within a few weeks, the patients general condition improved 
and the plasma cholesterol and blood iodine were brought within the 
normal range — whereas, previously, lodimzation had exacerbated 
the hyperthyroidism During the period of maximum effect of the 
thiouracil the urinary excretion of radioactive iodine was doubled 
Leiter et al concluded that thiouracil can suppress hormone production 
in metastases of adenocarcinoma of the thyroid just as readily as this 
drug inhibits the same process in the hyperplastic thyroid of ordinary 
Graves disease Withdrawal of thiouracil was followed by prompt 
recurrence of hyperthyroidism in both patients One patient died — 
presumably as a result chiefly of extensive pulmonary metastases, most 
of which were found to be anaplastic and non functional, as indicated 
by radio-iodine Leiter et al reported that the other patient was being 
given massive therapeutic doses of radioactive iodine and was still 
under observation Nevertheless, if the 2 cases are similar, anaplastic 
and therefore non functional metastases must be present in the second 
patient Consequently, we may doubt the assumption that even 
massive therapeutic doses would have much effect on the clinical 
course of the disease, the anaplastic metastases continuing to grow — 
not concentrating radioactive iodine and therefore being quite un 
affected by it, in whatever doses it is administered It is possible, how 
ever, that further investigation which correlates histological data with 
determinations made by use of both thiouracil and radio iodine will 
provide information concerning the factors determining whether or 
not carcinomatous thyroid tissue functions or hyperfunctions, as Leiter 
and his associates suggest 

Pierson (1914) has reported the use of radioactive iodine as a tracer 
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substance for differential diagnosis in a case of primary carcinoma of 
the trachea This author noted the possibility that the carcinoma in the 
trachea might be secondary to carcinoma in the thjroid, although 
roentgenograms resealed nosubsternal mass suggesting a thyroid gland 
and size and position of the tumor were quite accurately delineated 
by lamtnograms Following the administration of a small dose of 
radioactive iodine, Pierson found intense actmty (several hundred 
counts per minute with the Geiger counter) in the lower part of the 
neck A second dose, this time 200 microcuries of radioactive iodine, 
resulted in an immediate increase in general body radioactivity (counts 
close to the hand, 30 per minute), but the concentration in the neck 
was not determined Two days later, several pieces of tumor were re 
moved by use of the bronchoscope and were examined by Dr J G 
Hamilton Because no radioactivity was detected in these specimens 
of the tumor, the presence of normal thyroid tissue within the 
tumor was ruled out Nevertheless, metastasis of carcinoma of the 
thyroid was not necessarily excluded thyroid carcinoma generally docs 
not collect radioactive iodine after the manner of normal or hyper 
plastic thyroid, although exceptions have been noted in the instances 
of well differentiated tumors 

Radioactive IooiNr Thlrapv in Hyperthyroidism 
Preliminary Studies The first work with radioactive iodine was 
done with a view to determining the conditions under which radio 
active iodine might safely be administered (1) as a tracer substance 
in the study of thyroid physiology, and (2) as a new therapeutic agent 
in certain types of hyperthyroidism The early studies indicated the 
methods by which the maximal radiational effect could be obtained 
in treatment of patients with hyperthyroidism As Hertz (1911) 
has pointed out, the only radioactive isotope available in the preliminary 
investigations (begun in 1937) was l ,s ’ with a half period of only 26 
minutes It was soon found (Hertz, 1938, Hamilton 1939) that the 
collection of radio-iodine by the thyroid is very rapid, the quantity 
present in the gland within 10 minutes after intravenous injection not 
being exceeded within ninety minutes When corresponding doses were 
given, hyperplastic glands were demonstrated to collect more iodine 
than normal glands Large doses administered to animals brought 
about destruction of normal and hyperplastic glands (Hamilton, 
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1942) Small doses were observed to have no readily detectable in 
junous effects on normal or hyperthyroid glands These findings indi 
cated the likelihood of using radioactive iodine on a large scale m the 
treatment of at least certain types of hyperthyroidism Hertz and co 
workers then began systematic studies of the relations among the 
dosage administered labeled iodine, the time of collection, preuous 
iodine therapy, and the functional condition of the thyroid gland 
As more strongly radioactive and longer lived isotopes became avail 
able, more and more patients with Graves disease were studied first 
with tracer doses and later with increasingly large therapeutic doses 
The partition of iodine among the various iodine fractions in the 
thyroid and in the blood was investigated chemically In 1940, Hertz 
et al reported the new technique of multiple labeling which makes 
possible the tracing of different doses of iodine at the same time With 
this new technique it was found that the collection from a second 
dose of radioactive iodine is almost vv ithout exception less than that 
from the first dose Therefore it was suspected that the routine pre 
operative massive lodinization in Graves disease may be unnecessarv 
Later work has established that response to protracted lodinization 
is no greater than response to a single dose of iodine (Hertz 1941) 
Using an externally placed Geiger Muller counter to measure the 
relative activity of stored radioactive iodine as a function of time, and 
making a single (absolute) determination after surgery. Hertz (1941) 
was able to calculate the absolute content of radio-iodine within the 
thyroid at any previous time Thus it was discovered that the initial 
collection of iodine by the thyroid in previously untreated cases of 
Graves disease may be between 80 and 100 per cent when the dosage 
is small (0 2 to 5 0 mg) In previously iodized patients, in normal 
controls and in all subjects receiving large doses, the quantity of iodine 
collected by the thyroid is considerably smaller Other preliminary 
work involved observation of radioactive iodine metabolism in isolated 
thyroids surviving in a perfusion apparatus Results obtained by such 
investigations prepared the way for the extensive clinical trial of radio 
iodine in Graves disease (Hertz and Roberts, 1946, Chapman and 
Evans, 1916) 
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Dosage 

In the first studies on hjperthvroid patients, \er) small doses were 
used (Hamilton and Lawrence 1942; Hamilton, 1942) Dosages are 
usual 1) expressed in millicunes, one millicure being 37,000,000 dis 
integrations per second Irradiation bj x rajs produces its therapeutic 
effects through the action of secondarj highspeed electrons, thex rajs 
themselves, of course, being verj short electromagnetic waves similar 
to the gamma rajs of radium Radioactive isotopes of iodine emit beta 
rajs — high speed electrons, conscquentlj , the action is essentiall) like 
that of radio iodine Radiation doses in the case of radioactiv e iodine 
can be expressed in terms of roentgen units, although the beta rajs 
base a short maximum range — onlj a few millimeters (of tissue) 
Because of the short range of the high speed electrons from radio- 
iodine, the tissue effects of these beta rajs are limited to cells within 
the immediate vicinttv of the (concentrated) radioactive isotope The 
dose is proportional to the concentration of the isotope within the 
thjroid tissue 

As Hertz and Roberts (1916) point out, the probable values of 
radiation dosage delivered in the thjroid may be calculated as follows 
Tirst, the fractional uptake of radioactive iodine bj the thjroid has to 
be estimated Next, the weight of the patients thjroid must be 
estimated (bj palpation) Also to be taken into account are the known 
pattern of uptake and retention of radioactive iodine bj the hjperplastic 
thjroid, and the known cncrgj of the radiations from iodine isotopes 
1 ,3> and l ul Hertz and Roberts havesuggesfed the following formula 

10,000 (dose of l ,w in millicunes) 
radiation in roentgen units = (fractional uptake of thjroid) 
Weight of thjroid in grams 

In the instance of I 1 *', the constant 117,000 replaces the constant 10,000 
Tor example, in the case of l 1 ”, a net collection of one millicurie in a 
30 Gm thjroid gland affords a total of about 333 33 roentgens in dc 
cajing to zero 

The initial rate of dchverj of a 1,000 roentgen dose is approxi 
matclj 55 roentgens per hour in the instance of 1 ,M , whereas t m 
mitiallj delivers only 3 6 roentgens per hour Hertz and Roberts state 
that while the total radiations delivered bj the two isotopes (l w 



PHARMACOLOGY AND THERAPEUTIC ASPECTS 189 

and l 131 , as produced in the cyclotron by deutron bombardment of 
tellurium) are comparable, the effectn eness of the long period isotope 
(l 131 , with a half period of 8 days) is open to question because of 
the low rate at which radiation is delis ered and because of its release 
from the thyroid as the days pass These authors make the assumption 
that the l 130 is the origin of the significant radiation At best, calcu 
lation of radiation dosage b) the formula gis en is far more accurate, 
errors of 50 per cent or more m the estimate of the radiation (received 
by the thyroid) are to be expected 

(The minimum biologically effective dosage appears to be within 
the neighborhood of 1,000 roentgens (l 130 , 12 6-hour isotope, radiation 
from the 8 daj isotope, l 130 , being disregarded ) 

Chapman and Evans (1946) observe that the tissue radiation dose 
ma) be predicted quantitatively for an average patient by taking 
into consideration only the number of milhcunes of 12 hour iodine to 
be given per estimated gram of thyroid tissue (as suggested by Hertz 
and Roberts) , but patients manifest decided variations from this esti 
mated tissue radiation dose The mam factor causing these variations 
is the varying retention among different patients, errors always arise 
from the assumption of a uniform picture of iodine retention The 
estimate of the thyroid weight and the estimate of radioactive iodine 
uptake by the gland are other sources of error 

Chapman and Evans (1946) point out that the shape of the iodine 
retention curve (Hertz, Roberts and Salter, 1942) is an essential con 
sideration in reaching a reasonably accurate estimate of the tissue 
radiation, also the urinary excretion of radio iodine must be meas 
ured They advise that the amount of 8 day radioactive iodine (l 130 ) 
when present, be taken into consideration Whereas a concentration of 
1 millicune (37,000,000 disintegrations per minute) of l m (12 hour 
half period isotope) per gram of thyroid tissue yields 12 3 roentgens 
per minute, an additional 0 85 roentgen per minute is delivered by 
every 0 1 mvlhcune of 1 ,3I> which may be present (per gram of thyroid 
tissue) We would also like to emphasize that 90 per cent of the total 
radiation dose from l ,3t is delivered within the first 36 hours after the 
dose is administered, for the first 60 hours, the tissue dose per hour is 
largely that of the 12 hour isotope The radiation from l 130 subse 
quently adds about 2 per cent per day to the total radiation from l ,3 ‘ 
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Results Obtained with Radioactive Iodine 
(1 ,M and I 1 **) in Graves Disease 

Twenty nine cases of hyperthyroidism were treated by Hertz and 
Roberts (19-46) during the period 1941 to 1946 Their patients had no 
previous iodine treatment and were judged clinically to have h)per 
thyroidism Tliese workers administered b) mouth sodium iodide con 
taming both the 12 6-hour isotope (l*' 1 ) and the 8 day isotope 
(l 1 ®’), 90 per cent of the activity at the time of administration was 
delivered b) the 12 6-day isotope The total activity administered was 
from 0 7 t6 28 mitticuries Divided doses were given in 10 cases 
in the other nineteen cases the total dose was administered at one 
time To insure maximum concentration of the radioactive isotopes 
b) the th)roid the total quantity of iodide was kept below 2 mg An 
indirect estimate of the thyroid retention of radio-iodine was obtained 
b> measuring the urinary excretion during the first 72 hours after 
each dose was administered Hertz and Roberts determined that sig 
nificant quantities of the radioactive dose are to be found only in the 
specimens taken during the first 3 days following administration 
Tecal excretion of radioactive iodine is insignificant Release of radio 
active iodine from the gland was followed b) means of an externallv 
placed counter, these measurements were roughly calibrated against 
actual direct determination on thyroid tissue specimens obtained at 
operation At periods varjmg from 1 da) to several weeks after 
administration of the radioactive iodine, routine lodmization was car 
ned out with non radioactive iodine which was given in the usual 
dosage of 5 minims of a saturated solution of potassium iodide twice 
a da) frequent determinations of basal metabolic rate were carried 
out, the entire clinical picture was closcl) followed so as to evaluate 
carcfull) the results of treatment 

When an essential I) normal basal metabolic rate had been main 
tamed on routine non radioactive iodine for some weeks or months 
this lodmization was halted, the basal metabolic response was assumed 
to indicate satisfactory control of the thyrotoxicosis at that time The 
criterion of remission of the disease was failure of the basal metabolic 
rate to rise subsequent to cessation of iodine treatment In the first 
cases, the radiation dosage administered was, on the average low — 
hence not uniformly effective Rut conservatism was obviously ncces 
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sary, safe levels of radioactive iodine in such therapy had not yet 
been determined No side effects were observed withm the range of 
dosages employed, a maximum of 28 millicuries being administered to 
1 patient In 1 case, the total dosage was regarded as subminimal, i e , 
below 1,000 roentgens (estimated) Hertz and Roberts believe that 
the calculated dosages — between 500 and 2,500 roentgens, plus or 
minus 50 per cent — administered in those cases in which treatment 
appeared to be successful are in satisfactory agreement w tth the x ray 
dosages generally found effective 

Of the 28 patients who were gi\en radioactive iodine at the level 
of therapeutic intensity , 5 were later subtotally thy roidectomized and 
all of the 5 subsequently developed myxedema Hertz and Roberts 
state that when therapeutic levels of radio-iodine have been adminis 
tered and subtotal thyroidectomy is afterwards resorted to, hypo 
metabolism or myxedema will probably develop in most cases In the 
remaining 23 cases, subtotal thyroidectomy was not performed, 20 
of these patients responded satisfactorily to treatment with radioactive 
iodine and are no longer thyrotoxic The other 3 patients must be 
included in the list of failures, nevertheless, reduction in the size of 
the goiter was noted in each case 

The choice of the dose to be employed in the treatment of hyper 
thyroidism by administration of radioactne isotopes of iodine seems 
to be dependent mainly upon clinical estimation of the size of the pa 
tient’s thyroid The dosage range, when a single dose only is to be 
given, is between 5 and 25 millicuries, according to Hertz and Roberts 
These authors conclude that radioactive iodine therapy m Graves dis 
ease is somewhat more effective than orthodox x ray therapy, when 
comparable radiation doses are given in the 2 types of treatment 
They point out that the efficacy of x ray therapy is at times limited by 
undesirable skin reaction Besides, Hertz and Roberts suggest that 
' mtraglandular irradiation within the thyroid cells may offer certain 
ad\antages over external irradiation 

The most important clinical considerations appear to be (1) 
either no previous lodmization or cessation of lodinization for some 
weeks before administration of the radio iodine, maximum uptake of 
the radioactive element is thus ensured, (2) routine lodinization, msti 
tuted 1 to 3 days after administration of the radioactive iodine, and 
(3) the patient must be available for a close follow up We further 
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agree with Hertz and Roberts that it is unwise to administer therapeutic 
doses of radio-iodine to patients with large, involutional goiters or to 
special cases m the ophthatmopathic group of hy pcrth) roidism We 
emphaticall) do not agree that this new form of therapj will largely 
replace the surgical approach now current!) in \ogue ‘ 

Another series (of 22 patients) has been recorded b) Chapman 
and Evans (1946), who found that 14 patients responded well to a 
single dose of radio iodine, no other form of therapj being given 
Toxic reactions were noted in 6 cases (see page 193) Myxedema fo! 
lowed this treatment in four of the 22 patients Two patients, although 
somewhat improved following administration of radio iodine, still suf 
fered (at the most recent follow up) from mild h) perth) roidism 
According to these authors patients sensitive to iodine or tluouracil 
and patients who do not respond well to other forms of therap) ma) 
show satisfactorj response to treatment with radioactive iodine Dis 
agreeing with Hertz and Roberts Chapman and Evans claim that ordi 
nary iodine is not necessar) at an) time after treatment with radioactive 
isotopes of iodine whether the latter are administered in a single dose 
or in divided doses 

The 4 patients who developed myxedema as a result of treatment 
with radioactive iodine recci\cd, in each case, a dose of approximate 1) 

1 millicuric per estimated gram of th)roid tissue Although this do$3gc 
ma) eventually be shown to be excessive, in other cases administration 
of radio-iodine at about the same level did not cause h) pcrth) roidism 
In 2 of these 1 cases, there has been a gradual rise in basal metabolic 
rate to within the lower normal range 

Seven of the 22 patients had been previous!) operated on for 
h) perth) roidism and all of this group showed satisfactor) response 
Roentgen ther3p) had been administered to three other patients, but 
the condition of the patient had not been improved in an) of these 
cases, good results were observed following treatment with radio 
active iodine 

It is noteworth) that response to radioactive iodine therap) is not 
infretjuentl) in inverse proportion to the size of the thyroid gland of 
the th)rotoxic patient, smaller goiters show a more satisfactory response 
than do larger goiters The 8 patients who had the largest goiters in 
the series required 3 separate doses of radioactive iodine, at intervals 
of several months, before thyrotoxicosis could be controlled 
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Side Effects and Possible Delayed Reactions 

In the therapeutic use of any form of radiation, the possibility of 
untoward side effects — especiall) those which may be delayed — 
must be carefully considered In their report on 29 cases of hyper 
thyroidism treated with radioactive iodine, Hertz and Roberts (1946) 
stated that there were no adverse effects, such as fever, nausea or irra 
diation sickness, no local effects, either in the oral cavity or over the 
thyroid, and no increase in the degree of thyrotoxicosis subsequent to 
the radio iodine treatment 

Nevertheless, these authors remark on the unwisdom of treating 
patients having large goiters, with secondary involutional changes, at 
this time by this means, and also note that the treatment of certain 
cases m the ophthalmopathic group of hyperthyroidism is complicated 
by special problems Chapman and Evans (1946) recorded 6 instances 
of radiation sickness among 22 patients with hyperthyroidism who 
were treated with large doses of 12 hour iodine They observed that 
toxic reactions to large doses of radio iodine are very similar to the 
reactions characteristic of acute roentgen sickness Symptoms included 
nausea, vomiting, malaise, and fever, in some cases, there was a tern 
porary slight increase m gland size In 4 of the 6 patients having 
radiation sickness, the doses were 48 millicuries or more Leukopenia 
and other late effects were not observed Thyroid tissue removed 2 
years after this form of radiation did not show any malignant 
changes Fibrosis of the thyroid was found in two cases by biopsy after 
treatment Four of the 22 patients m this senes developed myxedema 

Lawrence (1945) has commented Some workers, after a short 
experience in the therapeutic use of these substances (artificially pro- 
duced radioactive elements), have become a bit too enthusiastic regard 
ing their value As far as I am aware, no cures have been accom 
pltshed The immediate dangerous possibilities of any form of irradia 
tion (x rays, gamma rays, radium, artificial radioactivity) are well 
known to most physicians, but in addition there are possible delayed 
effects ‘ It is to be remembered that among radium dial painters cases 
of aplastic anemia and osteogenic sarcoma developed after many 
years Irradiation has been used experimentally to induce delayed neo 
plastic changes in animals A recent editorial (1946) points out that 
the late development of cancer as a result of irradiation with radio- 



191 THE THYROID GLAND 

active iodine, although perhaps unlikely, is certainly within the realm 
of possibility, and that at present there is no evidence as to the pos 
sible harmful effects of excretion of radioactive iodine Such excretion 
may concentrate radioactive iodine sufficiently to damage the cells of 
the kidney Possible injury to spermatozoa or ova is still another im 
portant consideration We would like to emphasize the point that these 
possible dangers of treatment with radio-iodine must be kept constantly 
m mind In common with other authors (editorial 1946) we believe 
that, until careful studies of the tissues of the body long after therapy 
with radio iodine have been made, it will be impossible to predict the 
extent to which this form of irradiation will be applied in the control 
of hyperthyroidism 

Ellment 85, Eka Iodine 

The recently discovered halogen, element 85, or eka iodine has 
been produced by the bombardment of bismuth with 32 000,000 elec 
tron volt alpha particles It differs from other artificially produced 
radioactive elements in that it emits alpha particles Whereas the beta 
rays from radioactive iodine, l ,s \ have an average energy of approxi 
mately 200 000 electron volts, the alpha particles emitted by clement 
85 have nn average energy of 1,000 000 electron volts Theoretically, 
element 85 should be closely similar both chemically and physiologically 
to ordinary iodine and radioactive iodine, in fact, one of the pro 
cedures used in the identification of the new element soon after its 
discovery was its accumulation in the thyroid of animals 

The data available have demonstrated that element 85 and iodine 
are not only concentrated by thyroid tissue in a similar manner, but also 
are excreted similarly (Hamilton and Soley, 1910a, and Hamilton, 
1912), although the short half life of eka iodine — 7 5 hours — ren 
ders Jt difficult to trace the metabolism of the new halogen for more 
than 3 days It is held as firmly in the thyroid gland as is ordinary 
iodine, and hyperplastic thyroids of guinea pigs show increased capacity 
to accumulate it Hamilton administered clement 85 to a patient with 
a non toxic goiter and followed the uptake in thyroid tissue by meas 
unng the radioactivity in situ He found that the uptake curve was 
closely similar to those obtained with tracer iodine in this type of 
thyroid disorder Approximately 10 per cent of the quantity adminis 
tcred had been accumulated within the thyroid after 2 1 hours 
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Hamilton and Sole) have suggested that element 85 may prove to 
be superior to radioactive iodine as a therapeutic agent in the treat 
ment of human thyroid disorders in which there is an abnormal in 
crease in the functional activit) of the gland There would be im 
portant differences however, between the radiation from element 85 
and that from radioactive iodine (1 ,S1 ) The beta ra)s of radio iodine 
have a greater range than the alpha ra>s of eka iodine In material 
such as thjroid tissue each alpha particle gives up its energy within 
a distance of less than 50 microns whereas the beta rays from radio 
active iodine dissipate most of their energ) in passing through a dis 
tance of some 500 microns Yet the density of the ionization resulting 
from the action of alpha particles from eka iodine is more than 200 
times greater than that resulting from the beta rays of radio iodine 
Hence, those thyroid cells accumulating eka iodine in the largest quanti 
ties would suffer the effects of most of the radiation, and other cells 
outside the short range of 50 microns would escape such effects The 
beta rays of radio iodine have a much more diffuse action and radiation 
effects are suffered by cells several hundred microns distant from those 
cells which concentrate the radio iodine m relatively large quantities 
The actual therapeutic significance of such differences can be deter 
mined only by further research 
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CHAPTER VII 

PATHOLOGY 

DiFrusE Non Toxic Goiter (Simple Colloid Goiter) 

I n SIMPLE colloid goiter resulting from deficient intake of iodine, 
compensator) enlargement of the gland and excessive, often enor 
mous, deposition of colloid are observed This type of goiter is much 
less frequently seen toda) than before the proph) lactic use of iodine 
Its occurrence is most common from prepuberty to late adolescence 
The enlargement varies greatly in extent, it may be scarcely apparent 
or may reach enormous dimensions The entire gland may be more 
or less symmetrically enlarged, or the epithelial o\ergrowth may be 
restricted to one lobe or the isthmus, at times the only evidence of the 
presence of a simple colloid goiter is a localized nodule When present, 
accessory thyroids may undergo similar changes and increase in size 
Macroscopicaily, on section, a vesicular and generally soft glisten 
mg colloid mass is noted Histological examination usually re\eals 
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mainl) normal alveoli which arc distended with colloid The follicles 
arc of various sizes and are lined with flattened cuboidal epithelium 
The colloid stains onl) faintlj with eosin — le, it is thin and acido 
phtltc Vacuolization ma> be encountered along the peripher) of the 
colloid but, as a rule, the acinus is quite filled if not enormousl) dis 
tended b) the secretion Compression and obliteration of the inter 
acinar blood vessels often result from the excessive distention of the 
acini Subsequent anoxemia of the cells and c> Stic degeneration occur 
in man) cases Fusion of adjoining spaces goes rise to qsts of all 
sizes Other degenerate e changes include hemorrhage, pigmentation, 
fatt) degeneration, and eventual fibrosis and calcification, there mu 
also be prominent amjloid deposits in the stroma and blood \essels 

Such goiters commonl) show formation of new aheoli in foci be 
ncath the capsule and m the stroma, alveoli ma) also develop anew in 
hemorrhagic areas The colloid may be secreted in such abundance that 
the stroma is infiltrated, the secretion collecting in tissue spaces and 
[)mph channels 

In late stages, the t)pical picture of functional h)perplasia, colloid 
retention, minor regenerate e growth of aheoli, and lesser mflamma 
tor> reaction ma) be succeeded b) profounder pathological develop 
ments Papillar) adenomas ma) grow out into c)sts, low grade inter 
acinous adenomas ma) be produced, and even malignant neoplasms 
ma) occasional!) take rise The overgrowth of epithelium and new 
formation of alveoli characterize the development of mteraemous 
adenomas and ma) proceed to such an extent that clear distinction 
between these pathological changes and the changes observed in low 
grade neoplasms ma) be lost 

In general, however, simple colloid goiter maintains its distinguish 
mg features without much change for ) ears And so, in most instances, 
from the clinical standpoint, the enlargement of the gland ma) be 
of onl) cosmetic importance, but pressure sjmptoms ma) develop-, 
especial!) in cases of intrathoracic goiter, and surgical interference ( 
will be indicated 
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In h) perth) roidism, the th)roid gland shows var)ing degrees of 
enlargement and although we can frequentl) note a rough parallelism 
between mtensit) of s)mptoms and increase in size of the gland, a 
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marked enlargement maj be associated with onl) minor symptoms or 
an extreme thyrotoxicosis may accompany only a minor increase in 
glandular size Further, there are notable differences between the 
histological pictures in different cases of Gra\es disease The acini may 
be greatly increased in size, with a metaplasia of their lining epithe 
hum so that the usual low cukoidal ceils ha\e undergone transition to 
the high columnar type Marked epithelial osergrowth produces 
marked papillary infolding, the folds may nearly fill the lumen of the 
acinus At the same time, the amount of colloid is diminished and in 
severe cases may disappear When colloid is present, it is vacuolated 
and stains faintly Such pathological changes are most frequently en 
countered in the exophthalmic type of hyperthyroidism 

In other cases, the number of the acini may be greatly increased but 
the acini remain small The lining epithelium is cukoidal, the cells 
are much larger than the normal type of cell, and they may be 
found to stain intensely with eosin, le, are decidedly acidophilic 
Here again the colloid is diminished or almost entirely absent This 
variety of hyperplasia is but rarely associated with the exophthalmic 



Tig 25 Acute toxic goiter without eye signs The entire field is made up 
of newly formed acini The sparse colloid is granular or palely staining and 
retracted The solid cell masses are made up of small nuclei and indefinitely 
outline protoplasm, indicating that the proliferating capacity is dominant 
(From Hertzler, A E Surgical Pathology of the Thyroid Gland, Philadelphia, 
1936, J B Lippmcott Co ) 
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type of goiter, it is frequently observed in severe primary hyperthy 
roidism which is featured by unusuall) high basal metabolic rates 
It must be remembered howe\er, that papillary hyperplasia and fol 
licular hyperplasia not seldom occur in the same thyroid gland 



Fig ’(> Very acute toxic goiter Died unoperated on in wdd defir um temper 
ature 107 degrees The epithelium is degenerated in part exfoliated c\en the 
septa are destro) ed The colloid is pale abundant but indifferent (From Hertz 
ler A E St rgicit Pithologj of the ThyotJ GIjiJ Philadelphia 1936 J B 
Lippincott Co ) 

Following administration of compound solution of iodine the 
hjperplashc epithelium — as a rule though not invariably — becomes 
more nearly norma I high columnar epithelium reverting gradually to 
the low cuboidal type The lumina become larger as they are apparently 
distended by increased secretion and accumulation of colloid Gen 
erally, as an invaluable preoperative medication to induce such involu 
tion Lugol s solution may also be expected to reduce the metabolic 
rate and alleviate symptoms of toxicity Prolonged administration of 
this medication however, causes an exacerbation of the symptoms of 
hyperthy ronhsm 

Warthm (1928) stressed the frequent finding (in some 50 to (50 
per cent of cases) of lymphocytes m focal aggregations There may 
be definite lymph follicles w«h active germinal centers and wide collars 
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• crffcOfiT- MJC : 

rig 28 Exophthalmic goiter Papillary hyperplasias project into the acini The 
colloid is crcnated, retracted palely staining The protoplasm of some of the cells 
is poorly staining, others are granular indicative of great toxicity The extensive 
papillations indicate a high degree of toxicity (From Hertrler, A E Surgical 
Pathology of the Thyroid Gland, Philadelphia, 1936, J B Lippincott Co ) 
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In, 2i Acute toxic poitcr implanted on a colloid (A) The larger atea is 
made up of large acini in which project new cell formations (B) Acini line I 
with cuhoid.il epithelium The protoplasm is sharply defined the nuclei deeply 
staining both factors md eating an active state (From Hertzler A E Sht 
Rt jI Pathology of tbe Thyroid Gland Ph Iadclphia 1936 ) B Lippmcott G) ) 

of small cells of the adult type In fact Warthrn expressed the belief 
that the most important histologic criterion of toxic goiter is the 
occurrence, throughout the thyroid of hyperplastic primitive lymph 
nodes with germinal centers giving evidence of lymphoid exhaustion 
further according to Warthin a constitutional anomaly. Graves 
constitution predisposes the individual at birth to the pathologic 
reactions noted in Basedow s disease toxic adenoma and related con 
ditions — he considered Graves constitution to be the underlying 
pathologic and clinical entity of exophthalmic goiter toxic goiter and 
toxic adenoma Graves constitution Warthm pictured as dependent 
upon the presence of hyperplastic primitive lymph nodes with germinal 
centers such nodes occurring throughout the thyroid the hyperthyroid 
patient, then would be regarded as belonging to that group showing 
the lymphoid constitutionality Certain other authorities however, 
attribute the occurrence of lymphoid tissue to inflammatory reaction 
Formation of Nodules Isolated nodules may be formed in focal 
areas of hyperplasia and colloid involution and may be regarded 
as functional aberrations rather than true tumors even though they 
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maj present extensive colloid formation, necrosis, cystic degeneration 
and hemorrhage Such nodules may be enclosed in a pseudocapsule 
of connective tissue and show varying degrees of lymphoid activity 
Differentiation from true tumors may be increased by the finding of 
various hyperplastic changes (including extreme degrees of papillary 
hyperplasia usually associated with typical exophthalmic goiter), acini 
distended with deep staining colloid, and acini lined by fiat, cuboidal 
epithelium It has frequently been pointed out that, as a rule the 
nodules sometimes observed in hypertrophic parenchymatous thyroid or 
exophthalmic goiter (with or without true adenomas) are distinguish 
able from true adenomas of exophthalmic goiter by the absence of 
true capsules, the rare occurrence of the fetal type of acini, and the 
miscroscopic resemblance of the nodules to the extra nodular portions 
of the goiter 

Significance of the Staining Properties of Colloid 

Physiological, clinical, and pathological significance has been at 
tnbuted to the staining properties of colloid by Hertzler (1941) As 
he observed, normal colloid is acidophilic and stains pale pink with 
eosin Thin colloid stains less intensely and is usually associated with 
cellular hyperplasia, in toxic goiter, there is some correspondence be- 
tween the toxicity and decreased ability to take the stain (eosin) In 
contrast, a thick colloid is indicated by more intense staining, a common 
characteristic of old goiters, especially when the colloid is in a final 
phase of deterioration and there is associated degeneration of con 
nective tissue Hertzler further found that basophilic colloid — colloid 
taking hematoxylin — may be regarded as pathologic, such colloid 
is associated w ith an atrophic epithelium Old goiters which are the seat 
of degenerative changes generally possess basophilic colloid as do 
goiters in patients who suffer heart failure It is possible that baso 
phihc colloid contains a substance having an adverse effect upon the 
heart Acini which contain basophilic colloid may be quite atrophied 
and permanently functionless 

Adenomatous Goiter 

Adenomas are the most common benign tumors of the thyroid 
gland Their functional and morphological characteristics undergo a 
great variety of changes under the influence of physiological factors 
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Tig 30 Acute toxic goiter established on a simple colloid (a) Small areas 
of papillary formation and newly developed acini (B) Cells lining the acini 
are low columnar the protoplasm not sharply defined and the nuclei variously 
staining The colloid is uniformly staining but pale (From Hertaler A T 
Surgical Pathology of the Thyro/J GIjhJ Philadelphia, 1936 J B Lippincott 
Co) 

which ma) be the same as those affecting the thyroid parenchyma or 
may be different According to their structure and histological \aria 
tions different types of benign adenoma arc recognized embryonal 
simple fetal, intermediate or colloid adenoma We may encounter in 
a single adenoma any or all of the features of these various types 
Degree or differentiation serves as a basis upon which nc car? classify 
the adenomas In the embryonal adenoma, little or no evidence of 
follicle formation is to be seen Such a tumor is made up of cords and 
trabeculae of epithelium, lumma being sparse or absent and colloid 
being completely absent In the follicular type of fetal adenonn 
acinus formation is in an early stage the acini are few and scattered 
their epithelial cells are low and flat cufcoidal, and colloid secretion 
and accumulation is just beginning According to a number of authon 
ties, feta! adenomas take their rise from fetal rests, but, in the present 
state of our knowledge of these growths, we are able only to emphasize 
the point that the term fetal adenoma indrcates a tumor character 
ized by an extremely hyperplastic type of cellular arrangement, an 
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fig 31 Nodular loxic goiter 


arrangement similar to that typical 
of the fetal thyroid gland It is 
true, however, that the histology of 
these tumors vanes greatly, and 
widely differing degrees of differ 
entiation are to be seen Well de 
veloped follicles may be said to be 
characteristic of the simple ade 
noma In the colloid adenoma, all 
the follicles are widel) distended 
'with secretion Hence the clinical 



Fig 32 Goiter remoied from girl 
17 years of age (A) External view 
of normal appearance and consis 
tency (B) Nodule within 


and pathological differentiation of adenomas from nodules of endemic 
or simple colloid goiter may at times be difficult, the nodules in en 
demic goiter show excess storage of colloid or compensatory formation 
of new follicles, or — as m most instances — both changes 

The term “discrete adenoma” is applied to solitary, well differen 
tiated tumors having a structure and consistency markedly different 
from the corresponding features of the remainder of the thyroid gland, 
they may be hyperplastic or in colloid phase They may occur, though 
rarely, in an otherwise normal gland, or as a distinctly localized growth 
in a colloid goiter Such a tumor may, further, be the only well- 
differentiated adenoma in a multiple adenomatous goiter (nodular 
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goiter) There is no certain means of differentiating between a feta! 
t)pe of discrete adenoma and an earl} carcinoma 

AH adenomas are encapsulated The) \arj wide!) in sweand differ 
greatly in consistency some being soft and others firm Their color 
ranges from light amber to reddish brown Various t)pes of degener 
rative changes are frequent hemorrhagic, fibrous, qstic, hyaline, (lip- 
oid), granular and calcareous Microscopic examination discloses that 
the general arrangement, size and shape of epithelial cells in adenomas 
differ not onl) in different adenomas but also in different areas of the 
same adenoma We frequentl) observe fetal acini along with well 
developed acini some of which contain no colloid, whereas others arc 
distended with secretion 

Adenomas associated with the h}pertrophic parench)matous thy 
roid gland of exophthalmic goiter often possess columnar epithelium 
which ma> show a papillary like infolding, such microscopic architcc 
ture is less often seen in toxic adenoma and rarel) in nontoxic 

Macroscopic differentiation between toxic adenoma and non toxic 
adenoma is impossible, and even the microscopic differentiation is not 
seldom extremel) difficult Still, a prominent columnar epithelium is in 
general characteristic of toxic adenoma We agree w ith other authors 
that the degree of toxicity ma> in man) cases be indicated not onl) 
b) the number and size of adenomas present in the th)roid gland but 
also b) the amount of columnar epithelium A microscopic diagnosis 
of toxic adenoma depends upon the finding that the columnar epithe 
lum showing papillary infolding is restricted to the adenoma and docs 
not occur in the other non adenomatous portions of the gland, which 
should not present the microscopic picture of exophthalmic goiter and 
should be practicall) normal 

Relation of Adenomas to Malignano 

Adenomas ma) give rise to malignant growths It is believed that 
some 80 per cent of th)roid cancers take their rise from preexisting 
adenomas Estimates are that a malignant tumor arises from an iso 
lated nodule in the th)roid about ten times more often than from an) 
other type of th)roid enlargement (Warren, 1941, Ward, 1911, Cole 
ct al , 1915, Hinton and Lord 1915) According to Portmann (1911) 
not onl) arc malignant adenomas the most common t)pc of malignant 
tumor of the th)roid but about 90 per cent of the epithelial maltg 
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Pig 33A Large mono-cystic tumor of thyroid Patient aged 68 jears Front 

MCft 

Pig 33B Lateral Mew 

Tig 33C Same on morning of third day following operation 
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nant tumors of the thyroid gland originate in pre existing adenomas’* 
The consensus todaj is that most cancers of the thyroid gland originate 
in a discrete embyronal or fetal adenoma which is primarily benign, 
remains benign for various periods of time and later becomes mahg 
nant Excluding tumors into which hemorrhage has occurred, firmness 
within an adenoma should strongly suggest malignant degeneration 
within the tumor (Lahey, 191 1) Any change in the consistenq of the 
tumor should bring to mind the possibility of malignant degeneration 
within the capsule When malignant degeneration takes place and the 
fibrous capsule is eroded and penetrated, the discrete outline of an iso 
lated adenoma may be lost Further, when a movable discrete adenoma 
becomes fixed, the fixation may be the result of malignant degeneration 
accompanied by perforation of the capsule, the tumor then becoming 
adherent to the trachea or other adjacent structure Paralysis of the 
recurrent laryngeal nerve on the same side as the lobe in which an iso 
lated adenoma has long existed should also arouse suspicion of mahg 
nant degeneration, perforation of the capsule and involvement of the 
recurrent laryngeal nerve Because most cancers of the thyroid gland 
take their rise in discrete adenomas, the enlargement we would 
expect in such cases is local (unilateral), the contour of the gland thus 
being lost Such enlargement is to be regarded as typical but by no 
means invariably characteristic Another important diagnostic point is 
the early involvement of the lymph nodes 

Recent papers have stressed the possibly surprising incidence of 
cancer among patients with nodular goiter Ward (1911) found an 
incidence of 4 8 per cent in 3,539 nodular goiters of both sexes 



1 1 £ }4A and D (x 200) Medium sized artery of capsule showing the sclerosis 
winch is found in involuted Graves type thyroid even in very young indi 
viduais Elastic tissue slam 
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Among females, the incidence was 4 0 per cent, but among males 
11 0 per cent In Wards senes of 1,900 toxic diffuse goiters, there 
was only one instance of cancer Bcoders and PacUulL (1944), how 
ever, pointed to a new danger, one arising from modern chemo 
therap) of Graves disease Microscopically the thyroid gland in 
cases of Graves disease treated with thiouracil shows extreme hyper 
plasia with heightened epithelium, marked papillary infolding and 
mitosis of the epithelial cells The thiouracil goiter is more of a 
cellular hyperplasia with mitosis \ery much in evidence, and so there 
fore more comparable to a carcinoma of the thyroid Cole and associ 
ates (1945) indicated the incidence of cancer in 523 nodular goiters — 
toxic, non toxic, benign and malignant — to be about 7 2 per cent 
Of greater significance, however, is the breakdown of their determina 
tions thus briefly summarized in 19> cases of non toxic nodular goiter 
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there was an incidence of 17 1 per cent of cancer uliereas in the 
grouo of non toxic solitary nodules cancer was detected in 24 per cent 
Hinton and Lord (1915) reviewed the Cases of nodular goiter in which 
the, operated during a 5 jear period, after eliminating all instances 
m which the diagnosis of cancer was made preoperatively and con 
firmed pathological!) the) still were able to cite 184 cases of clinically 
benign nodular goiter some to\ic and some non to\ic in which patho 
logic examination disclosed an incidence of 7 6 per cent of cancer 
These authors remarked that their figures are in dose agreement with 
those of Cole and co workers (1915) The) express the belief that ' an 
incidence of 7 6 per cent of cancer in cases of apparent!) benign 
nodular goiter is a compelling reason for operatise removal of all 
such nodules unless a strong contraindication exists We agree that 
a non toxic nodular goiter — be it single or multiple — should be re 
moved surgically, the incidence of unsuspected cancer is definite!) 
high in such cases Moreov er, toxic nodular goiter should not be treated 
with thiouracil but should also be removed surgically The possible 
dangers of treating these goiters with thiouracil has been discussed in 
another section (see page 158) Ward (1941) in contrast, notes that 
the potential danger of thiouracil therapy in toxic diffuse goiter is 
slight 

Malignant Tumors 

Histopathologicai Classification Authorities are still far from 
general agreement concerning the histopathologicai classification of 
malignant tumors of the thyroid gland Graham has suggested the 
following classification 
I Sarcomas 

(a) l)mphosarcoma 

(b) spindl e-cell sarcoma 
II Mixed tumors 

(a) carcinoma sarcoma 
ill Carcinomas 

(a) scirrhous carcinoma 

(b) adenocarcinoma 

(c) papillary carcinoma 

(d) malignant adenoma 
In addition, Graham has recognized and described not only lympho- 
sarcomas and fibrosarcomas but other (rate) types of connective tissue 


^>not arising in adenomas 
^arising in adenomas 
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neoplasms as well, having the same histopathological and clinical 
characteristics as sarcomas of similar histogenesis encountered in other 
organs 

Warren (1941) in common with other authors has observed that 
in the classification of thyroid tumors there is an opportunity for the 
correlation of certain types of clinical behavior with certain morpho- 
logical entities — although proposed classifications based on assump 
tions of etiology have not been found satisfactory or notably enlighten 
mg Indeed — -to State a truism — not yet has it been found possible 
to elucidate the origin of any type of thyroid tumor, benign or malig 
nant 

In certain groups of thyroid tumors morphologic features and 
clinical behavior may at times show some correlation (Haagensen 
1931, Clute and Warren, (1931 1935) Warren (1941) proposed the 
following classification of thyroid tumors 

Benign 

(1) Adenoma (a) embryonal, (b) fetal (c) simple, in 

eluding the Hurthle cell type, (d) colloid adenoma 

(2) Papillary qstadenoma (a) arising from the thyroid 

gland and (b) arising from aberrant thyroid tissue 

Malignant 

Group I — Low or potential malignanq 

(1) Adenoma with blood vessel in\asion 

(2) Papillary qstadenoma with blood \essel invasion 

(a) arising from the thyroid gland 

(b) arising from aberrant thyroid tissue 

Group II — Moderate malignanq 

(1) Papillary adenocarcinoma 

(2) Alveolar adenocarcinoma 

(3) Hurthle cell adenocarcinoma 

Group III — High malignanq 

(1) Small cell carcinoma (carcinoma simplex) 

(a) compact type 

(b) diffuse type 

(2) Giant cell carcinoma 

(3) Epidermoid carcinoma 

( 1) Fibrosarcoma 

(5) Lymphoma 
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Ward (19 11) has essayed a decided simplification of the systematic 
description of malignant tumors of the thyroid gland, his grouping is 
based on observations that papillary tumors of the thyroid ’would 
appear to offer the most favorable prognosis under modern therapeutic 
conditions, as follows Ward has placed all papillary tumors of the 
th}roid in a separate group, whether or not such tumors take their 
origin in adenomas, aberrant thyroid tissue, or the thjroid gland proper 
The presence and proportionate quantity of papillomatous tissue in 
the thyroid, according to Ward, determine the prognosis, including the 
response to radiation therapy, further, few carcinomas of the thy roid 
gland present a distinct cellular pattern Then the practical classi 
fication, from a prognostic and therapeutic viewpoint, would be 
roughly 

Group I Papillary carcinomas 
Group II Malignant adenomas 

Group III All other malignant growths, including scirrhous, small 
cell and large cell types, undifferentiated carcinomas and carci 
nomas displaying sarcomatous tendencies 
Group I of Wards classification would seem to present no unusual 
problem in differentiation Adenomas show ing malignant degeneration 
— as determined b> gross findings — would be placed in Group II, 
this group is subdivided b) Ward into (a) Langhans struma — the 
proliferating adenoma as described by Langhans, and (b) fetal ade 
nomas — all other malignancies arising in an adenoma and so classi 
fied for lack of a more descriptive term 

Incidence The recorded incidence of malignant lesions of the 
thyroid gland has varied according to the criteria of malignancy' ac 
ccpted by different clinics and according to geographical region, the 
incidence being higher in regions where goiter is endemic In 1921, 
Specse and Brown reported that cancer had been present in 4 6 per 
cent of their cases of goiter, a higher incidence than that noted by 
the majority of authors At the Massachusetts Genera! Hospital, of 
606 unselected cases of goiter, a proved malignant process was found 
in 1 3 per cent of cases, if toxic goiters are excluded from this series, 
the incidence of malignancy in the remainder becomes 2 0 per cent, 
and if only nodular goiters are considered, the incidence of cancer 
becomes 3 2 per cent In a senes in which thyroidectomy was per 
formed 1750 times, the incidence of malignancy was found to be 
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1 3 per cent by Welti and Huguemn (1939) Lahey, Hare and 
Warren (1940) noted that 231 cases of carcinoma of the thyroid 
gland were encountered in 18,600 operations for goiter — an mci 
dence of 1 2 per cent In the Cleveland Clinic series reported in 1940, 
289 malignant tumors of the thyroid gland were seen in 17,021 thyroid 
ectomies, the incidence being 1 69 per cent In this series, 3 per cent 
of all nodular goiters were malignant Pemberton (1939, 1941) has 
observed that, at the Mayo Clinic, the percentage of malignant tumors 
of the thyroid gland encountered in cases of goiter increased from 2 
per cent in 1919 to 4 9 per cent in 1937 Pemberton states that this 
increase is only apparent in recent >ears, malignancy has been recog 
mzed at an earlier stage An incidence of 3 per cent, w ith 169 malig 
nancies in 5,439 surgical cases of goiter, was recorded by Ward (1944) 

Incidence and Geographical Region Malignant tumors of the 
thyroid gland occur with higher frequency in regions where goiter is 
endemic (Wegelm, 1928, Ward, 1935) In Switzerland, the incidence 
of malignancy in surgically treated goiters has been reported to vary 
from 6 5 to nearly 10 per cent (Kocher, 1907, DeQuervam, 1935), 
whereas in Canada the incidence was found by Eberts and associates 
(1929) to be less than 1 per cent According to Wilson (1921), au 
topsies in Bern, Switzerland, showed that one death in about every 
93 resulted from malignant goiter as contrasted with one death from 
the same cause in about every 928 deaths in the United States In this 
country, the incidence of malignancies in surgically treated goiters 
appears to range between 12 per cent (Lahey, Hare and Warren, 
1940) and 4 9 per cent (Pemberton, 1939) The prevention of en 
demic goiter will, we believe, lower the incidence of primary malignant 
lesions of the thyroid gland Ward (1935) noted that in regions in 
which the incidence of endemic goiter is high, non papillary types 
of adenocarcinoma of the thyroid gland predominate, whereas in 
regions in which goiter is not prevalent, papillary types of adenocarci 
noma the gland predominate The papillary type of adenocarcinoma 
is less malignant than the non papillary types, hence mal gnant goiter 
has a better prognosis in regions where goiter is not endemic than in 
regions where it is endemic 

Age Incidence Less than 20 per cent of cases of malignant tumor 
of the thyroid gland occurs before the age of 40 years About two- 
thirds of the cases occur between the ages of 40 and 70 years Thus 
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chc age incidence of cancer of the thjroid gland corresponds close!} 
to that of malignant neoplasms of other organs In Pemberton s series 
(1939) of 771 cases 539 patients, or 69 6 per cent, were between 40 
and 70 years of age, the mean age for females was 48 1 jears, whereas 
it was 52 8 jears for males Ward (1935) reported an average age 
of 52 7 jears in his group of 95 patients with malignant tumor of the 
thjroid gland 

Malignant Lesions of the Thjroid Gland in Childhood In a 
series of 137 cases of surgical!) treated goiter in children up to the 
age of 15 jears, the incidence of malignancj was found to be 9 
per cent (12 cases) bj Kenned) (1910) Excluding the cases of 
exophthalmic goiter, 12 cases out of 27, or 41 per cent, were cases 
of malignant lesion Kenned) stressed the point that anj mass of the 
th)rotd gland in children should be suspected of possessing malignant 
characteristics Carcinoma would seem to have a greater predilection 
for the thjroid gland in carl) life than is gencrallj believed, according 
to Pemberton in whose scries ( 1939) of 774 cases of malignant lesions 
of the thjroid there were 17 patients Jess tJian 20 years of age Hence 
operation for the removal of thjroid nodules among children should 
not be deferred as some clinicians and surgeons have advised A large 
percentage of the malignant lesions which are encountered in the thj 
roid gland in carl) life arc of the papillarj or malignant adenomatous 
t)pe, and the malignancj is of a low grade and, in the carl) stages 
are especial!) amenable to treatment b) surgerj or irradiation 

Sex Incidence In the 88 cases of malignant tumor of the thjroid 
gland studies b) Welti and Hugucnin (1939), there were 18 male pa 
tients and 70 females a ratio of 1 3 9 In the series of Pemberton 
(1939), of the 77 1 patients with thjroid cancer, 282 were males and 
192 were females, a ratio of 1 1 71 Tor the same period 1907 1937, 
the ratio of males to females among the patients who had all tjpes 
of benign nodular goiter, exclusive of exophthalmic goiter, W3S 
1 5 07 Watson and Pool (1910) found that there were 117 females 
to 50 males in their group of 167 cases of cancer of the thjroid gland 
Thus, in cases of nodular goiter, the probabilit) of the occurrence of 
malignancj is much greater in males than in females Ward (1911) 
noted that the incidence of malignancj was 4 8 per cent in 3,539 
nodular goiters of both sexes, in females, the incidence was 4 0 per 
cent, whereas in males it was 11 per cent 
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Incidence of Different Histopathological Types The most fre 
quently occurring malignant tumors of the thy roid gland are malignant 
adenomas, papillary carcinomas and adenocarcinomas not arising in 
adenomas Mixed types and sarcomas are of comparatively rare 
occurrence In Pembertons series (1939) of 774 cases of malignant 
lesions of the thyroid gland, there were 197 patients who had malig 
nant adenoma (adenocarcinoma in adenoma), or 38 per cent of the 
517 cases in which pathological examination of the tumor was made 
Diffuse adenocarcinoma was found in 157 patients or 30 4 per cent 
of cases Papillary adenocarcinoma was encountered in 155 patients, 
or 30 per cent There were only 4 cases of sarcoma, one of which was 
a case of primary osteogenic type Primary squamous epithelioma was 
encountered in four cases also Watson and Pool (1940) reported the 
incidences of different types of thyroid cancer in their series of 167 
cases as follows adenocarcinoma, 34 per cent, small, alveolar, and 
large cell adenocarcinomas (Grades 2 and 3 and Huerthle cell type), 
27 per cent, adenocarcinoma (ungraded), 15 per cent, spindle and 
giant cell adenocarcinoma, 13 per cent small round cell carcinomas, 
5 per cent, lymphosarcoma, 3 per cent, metastasizing struma, 3 per 
cent 

Portmann (1911) somewhat differently classified 220 consecutivt 
cases of malignant tumor of the thyroid gland according to histo- 
pathological type He found that 67 3 per cent of the cases were 
histopathologically classifiable — le, in these cases the type of neo- 
plasm could be ascertained microscopically Another 7 7 per cent were 
unclassifiable histopathologically the tissues were examined micro 
scopically and the presence of malignancy was proved, but the type 
of malignancy involved could not be determined Hence 75 per 
cent of the cases w ere histopathologically malignant Tw enty five 
per cent of the cases were tabulated as histopathology unknown, 
the diagnosis of malignant tumor being based on obvious clinical 
manifestations because the disease was far advanced and operation 
or biopsy was deemed inadvisable Portmann based the percentage 
incidence of the different histopathological types upon the total histo 
pathologically classifiable, 148 cases, or 67 3 per cent Eighty of the 
tumors were malignant adenomas (54 0 per cent of 148 cases), 24 
cases (16 2 per cent) were adenocarcinomas not originating in ade- 
nomas, 21 tumors (14 2 per cent) were papillary carcinomas, and 
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13 (9 per cent) were lymphosarcomas In addition, there were 3 
cases of scirrhous carcinoma, 4 cases of fibrosarcoma, and 1 case of 
each of the following types carcinoma sarcoma, myosarcoma, and 
rhabdomyosarcoma Portmann remarked that, if the questionably mal 
ignant adenocarcinomas not originating m adenomas arc included in 
the group of tumors of epithelial origin, then approximately 80 per 
cent of the epithelial neoplasms would be found to ha\e originated 
in pre existing adenomas (malignant adenomas and papillary caret 
nomas) 


Malignant Adenomas 

So-called benign adenomas give rise to most (perhaps more than 
90 per cent) of the epithelial malignant tumors of the thyroid gland, 
including both malignant adenomas and papillary carcinomas Some 
80 per cent of malignant adenomas take their rise in these pre existing 
benign adenomas, and for the most part, in fetal adenoma 
Ward (1914) has remarked that such primary malignant goiters 
grow slowly or remain dormant for long periods and, further, if a 
tumor has existed for years in the thyroid gland and is found to be 
malignant after its surgical removal, the growth may not have been 
benign at its inception 

In the transition to frank malignancy, both malignant adenoma 
and papillary carcinoma enlarge within the capsule of the pre-existing 
adenoma, erode the capsule and perforate it, and then imadc sur 
rounding structures Most authorities has e accepted Graham's criterion 
of malignancy the invasion of blood vessels The histological picture 
presented by the tumor and also the imasion of the capsule of the 
adenoma, of surrounding thyroid tissue, adjacent muscles of the 
neck, and’ the fympfiatics are additional, recognized’ manifestations of 
malignancy 

Thus, growth characteristics of the tumor are of outstanding sig 
mficancc Malignancy rs not necessarily repealed by histological study 
of the tumor, regardless of its microscopic pattern, an encapsulated 
tumor cannot be regarded as definitely malignant unless its invastsc 
tendency has become obsious Both malignant adenoma and benign 
adenoma show numerous, wide morphologic sanations The gross 
appearance of the malignant adenoma may be \ery similar to that 
of a benign adenoma Histologically, the malignant growth may show 
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Tig 36 Drawing made at time of operation of sclerosing 
carcinoma of the thyroid gland 

variations ranging from the pattern of a frank undifferentiated cancer 
to that of a well differentiated, apparently benign adenoma — which, 
as in the instance of so called benign metastasizing struma, may 
indicate its malignant tendencies only by limited metastasis through 
the blood stream Malignancy may be suggested by the cellulanty 
of the tumor and the absence of colloid, confirmation may be forth 
coming from the gross finding thyroid tissue filling the capsular 
\essels No characteristic morphology distinguishes the malignant 
adenoma In a single tumor, the follov/ing structures may be ob- 
served, m varying combinations structures similar to those of adeno 
carcinoma, papillary carcinoma, medullary carcinoma, and sarcoma 
like carcinoma In some cases, the structure of the follicles is pre 
served in whole or m part, in others the follicular arrangement is 
completely lost, so that we see only branching columns of undifferen 
tiated cells 

In general, then, histopathology alone does not afford satisfactory 
means of differentiating malignant adenomas or of classifying them 
with particular regard to their degrees of malignancy When sections 
from the same, presumably malignant adenoma show the outstanding 
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features of fetal adenoma, colloid adenoma, and apparent scirrhous 
carcinoma, wc must base the diagnosis on the finding of blood \esscl 
tmaston, which is characterized b> the presence of thrombi or poljps 
of neoplastic cells within the vessels Such invasive structures, as a 
rule but not aluajs, present a histological pattern similar to that 
of the pnmar) growth 



1 ig 37 Photograph of the same tumor 
shown in I ig 36 after removal 

Commonl) the growth is single but it ma) be multiple Metastasis 
most frcquentl) occurs b) waj of the blood \essels and ma) take 
place earl), chiefl) to the lungs and bones L)mph gland metastasis 
is comparative!) rare, at feast until the capsule of the tumor is involved 
Masses of th)roid tissue in the vessels about the th)roid gland ma) 
sometimes be observed at operation Unless distant metastasis has 
been discovered, in a great man) cases mihpnanq in these tumors 
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may not be suspected until after operation, involvement of the capsule 
does not take place until late in the development of the tumor and 
the consistency and relative fixation or mobilit) of the tumor may not 
undergo manifest change The great majont) of malignant adenomas 
are of a low grade of malignancy; occasionally, however, they are 
highly malignant 

Papillary Adenocarcinoma 

Papillary adenocarcinoma may arise within a cystic adenoma or m 
the portion of the thyroid gland that is free of adenoma These growths 
are primarily encapsulated tumors with a papillary arrangement of 
the epithelial cells Some, however, are non encapsulated Papillary 
cystadenomas may occur as single or multiple tumors, usually soft and 
small, exceptionally exceeding 5 cm in diameter Histologically they 
present irregular papillary projections which are covered by a single 
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or columnar epithelium Sparse acini appear to contain normal colloid 
Such tumors ma> be considered to be benign until the) show vascular 
or capsular tmasion Although almost indistinguishable histologicall) 
from these so<allcd benign papillar) adenomas papillar) adenocarci 
nomas gencrall) present the recognized features of malignant trans 
formation In \ar)ing degrees the cells of the malignant tumor exhibit 








Wi : 1 

Tig 39 (» lfifl) Pjpilhferous carcinoma of thyroid 

anaplastic imersion and in\asion of the capsule and stroma We ma> 
encounter mitotic figures here and there At the inception of malignant 
tendencies the epithelial cells proliferate break through the thin 
stroma at the base of the acini and finall) invade surrounding tissues 
These tumors are most frequcntl) of a low grade of malignanc) 
the) grow slow!) and mai be present for a considerable period before 
the) invade adjacent tissues Their comparativ el) low grade of mahg 
nanc) has been attributed to their development in encapsulated c)$ts 







It is believed that, tjpicall), the) metastasize chief!) b) \\a) of the 
l)mphatics and that the) imade blood vessels less frequentl) than 
does an) other type of neoplasm uithm the th)roid gland 

The) often imade the l)mph nodes and spread to imolve a cemcal 
I)mph node or a chain of nodes Metastasis rarely extends be)ond 
the mediastinum or the lungs e\en in neglected cases or m cases 
of recurrence v.hen the lesion ma) be inoperable because of fixation 
The metastatic tumor ma) be so much larger than the pnmar) tumor 
that, at operation, the primar) tumor may be overlooked if the nature 
of the cancerous nodules is not recognized Although some papillar) 
adenocarcinomas tend to recur locall), in earl) cases complete local 
excision ma) be expected to effect a permanent cure These tumors are 
radiosensitne 
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lip It (x 160) Carcinomt of thyroid part diffuse, part papillifcrous 


OnirR Tvpes or Adcnocarcinoma of the Thyroid 
Adenocarcinoma Not Originating in Adenoma. Graham and cer- 
tain other pathologists have recognized a variety of tumor which they 
group as adenocarcinoma not arising in adenoma These neoplasms are 
encountered as nodules which may be microscopic or as large as 1 5 
cm in diameter and which present extremes of histopathologica! 
variation, rn many respects resembling different types of goiter or 
C3ncer histopathologically. According to Portmann (1911) ‘they arc 
unrecognizable clinically, cause no signs or symptoms and arc dis 
covered only after removal of thyroid tissue for supposedly benign 
goiters; their course is unknown and in our experience no patient has 
developed metastases or died from this type of tumor " In view of the 
fact that such carcinomas comprised some 16 2 per cent of the histo- 
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pathologically classifiable tumors of Portmann's series of 220 cases of 
malignant lesions of the thjroid gland, it must be assumed that other 
pathologists would have classified man) if not all of these neoplasms 
as other t)pes of carcinoma, such as small round cell carcinoma, spindle 
cell carcinoma, or perhaps diffuse adenocarcinoma recognized b) 
Pemberton and Lo\elace (1941) 

Diffuse Adenocarcinoma. Pemberton and Lovelace (1941) have 
observed that diffuse adenocarcinoma maj originate within a pre 
existing benign adenoma in a th)roid gland or in a nongoitrous th) 
roid gland These authors state that this t)pe of tumor presents as 
wide a \anet) of cellular changes and histologic patterns as tumors of 
similar grades of malignanc) situated elsewhere In diffuse adenocarci 
nomas of the higher grades of malignanq, the follicular structure 
ma) be completel) absent and the arrangement of the rapidl) growing 


* >3 * 
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differentiation between the diffuse type of small cell carcinoma and 
lymphomatous involvement of the thyroid gland may be difficult 
These highly anaplastic tumors ace responsive to irradiation 

Scirrhous Carcinoma Some authors have suggested that scir 
rhous carcinoma always arises in a pre-existing adenoma, but the actual 
origin of these tumors has not yet been demonstrated Frequently these 
carcinomas destroy the thyroid structure to such an extent as to ob 
scure all evidence of their origin In common with scirrhous adeno 
carcinoma elsewhere these neoplasms show prominent desmoplasia 
They are not encapsulated Although they grow slowly, they have 
highly invasive tendencies, progressing generally by way of the lym 
phatics into surrounding tissues Scirrhous carcinoma of the thyroid 
gland usually kills the patient by local imasion before metastasis can 
take place Treatment either by surgery or irradiation is quite ineffec 
tive 

Epidermoid Carcinoma This highly malignant type of neoplasm 
is of definitely exceptional occurrence At times encountered in early 
decades, these tumors are believed to arise either from thyroglossal 
duct epithelium or from thyroid epithelium proper by metastasis 

Carcinoma Sarcoma (Giant Cell Carcinoma) 

The infrequently occurring group of malignant tumors of the thy 
roid gland the carcinoma sarcomas, or giant cell carcinomas have been 
considered by many writers to be of mixed origin both the epithelial 
and mesothehal elements appear to have undergone malignant change 
so that we observe the apparently mingled characteristics of carcinoma 
and sarcoma Other authors have long regarded these tumors as forms 
of sarcoma, whereas still others ha\e found transitional areas show 
mg seemingly definite origin from acinar cells These neoplasms 
are of high malignanq, extremely anaplastic and rapidly growing, and 
highly vascular In most of these tumors no suggestion of the archi 
tecture of the thyroid is to be found Tumor giant cells with multi 
lobulated, hy perch romatic nuclei are characteristic These malignant 
growths exhibit a great tendency toward perivascular proliferation 
of the thyroid cells and subsequent necrosis in areas at a distance from 
the blood vessels This type of tumor generally occurs in the later 
decades, particularly in patients who have long had a nodule in the 
thyroid, the nodule suddenly beginning to grow rapidly Extending by 
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rapid local mission of the tissues of the neck, carcinoma-sarcomas 
usuallj kill the patient by local imohement before metastasis has been 
conspicuous In contrast with other anaplastic tumors of high malig- 
nancy these neoplasms are resistant to irradiation 

Sarcoma 

In rare instances, malignant degeneration takes place in the abun- 
dant Ij mphatic tissue and fibro elastic stroma of the thyroid gland, to 
give rise to sarcoma Lymphosarcomas of the thyroid gland are similar 
histologically to the same type of neoplasm in other organs and ha\e 
the same developmental characteristics and clinical course They grow 
rapidly and are usually in advanced stages before therapeutic pro- 
cedures arc instituted These tumors arc not surgically curable and 
although they are radiosensitive, good results arc seldom obtained 
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by roentgen treatment All four patients in Pemberton s series (1939) 
of 774 cases of malignant lesions of the thyroid gland died within 
a year after operation Combined surgical and roentgen treatment of 
this condition senes to prolong life Portmann (1941) reported that 
none of the patients with lymphosarcoma in his series of 220 cases 
of thyroid cancer lived five years following operation alone but four 
patients out of nine who received postoperative roentgen therapy re 
mained well for five years or more, and three of these patients were 
apparently cured 

True fibrosarcoma of the thyroid gland is very rare A number 
of the reported cases of fibrosarcoma appear to have been cases of 
giant cell carcinoma Grossly and histologically as well as clinically 
it resembles fibrosarcoma m other organs Tins type of tumor of the 
thyroid gland is incurable surgically and is resistant to irradiation 
Local involvement results m the death of the patient 

Operability, Measures of Treatment, and Prognosis 

The operability, principles of treatment, and prognosis in malig 
nant lesions of the thyroid gland depend not only upon the type 
of tumor but also largely upon the extent of involvement at the time 
treatment is instituted Obviously, a localized tumor in an early 
stage is more readily treated and has a better prognosis than growths 
which have extended beyond the capsules of the gland Neoplasms 
in the earliest stages (small adenomas, for instance) may not give rise 
to any clinical evidence of their presence and may be discov ered only 
after histological examination of tissue removed in such instances 
of course, the condition has been successfully dealt with even before it 
was recognized Indeed, it may be stated as a general principle, that 
if we wait until the diagnosis of cancer can be made clinically, in all 
probability we have waited until the time for surgical cure has passed 
For as a rule the diagnostic signs and symptoms definitely indicating 
malignancy appear only after perforation of the capsule of the gland 
and involvement of surrounding structures Huskiness of the voice 
and fixation and hardness of the thyroid gland may be associated with 
benign adenomatous nodules but when these signs are present we may 
not safely ignore the possibility of malignancy In the case of malig 
nant tumors, hoarseness is caused by infiltration of the recurrent nerves 
fixation is brought about by involvement of the trachea or ribbon 
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muscles, and hardness results from outward growth of neoplastic tissue 
to replace normal, soft tissue 

Discrete Adenomas The danger of malignancy m discrete adeno- 
mas is so great that the) should be removed as soon as the) are dis 
covered, no matter how small the growth or how )oung the patient 
Even a ver) small discrete adenoma ma) be malignant, and malignanc) 
in such adenomas ma) eventuate in childhood and result fatally A 
discrete adenoma is encapsulated and the thick fibrous capsule has a 
distinct outline When the capsule is eroded and perforated as a 
result of malignant degeneration the outline becomes less distinct, 
any such change should suggest the possibility of malignancy Further, 
loss of mobility or fixation of an adenoma may be caused by hemorrhage 
within the tumor 3nd the production of exudate about the tumor or 
by malignant degeneration with perforation of the capsule and in 
volvement of surrounding structures Highly suggestive also is sud 
denly developing hoarseness of the voice after a discrete adenoma has 
been present for some time, when laryngeal examination discloses 
paralysis of the recurrent laryngeal nerve on the S3me side as the 
tumor, we have additional evidence pointing to the possibility of pene 
tration of the capsule and involvement of the recurrent laryngeal nerve 
by malignant growth Operative treatment is generally recommended 
on such presumptive ev idcncc The uninvolv cd lobe also should be thor 
oughly explored for other nodules by palpation and in case of doubt 
an exploratory incision should be made No encapsulated nodule 
should be allowed to remain in the thyroid gland once malignant 
degeneration has been suspected or actually demonstrated in a discrete 
adenoma Today, the majority of authorities arc convinced that benign 
fetal and embryonal adenomas should be removed before they become 
malignant 

Operability In the 88 cases of malignant tumor of the thyroid 
gland studied by Welti and Hugucmn (1939) radical surgical operation 
could be performed for only 2f patients Watson and Pool (1910) 
found it possible to carry out operative procedures in 51 of the 167 
cases in their series, 70 per cent of the lesions were considered to be 
inoperable Watson and Pool also determined that there was evidence 
of metastatic involvement in 37 per cent of their cases and noted evi 
dcncc of obstruction to the upper air passages of upper food passage 
ways in 11 per cent 
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Portmann (1941) in his stud) of 220 patients with malignant 
tumor of the thyroid gland who were examined at the Cleveland 
Clime, observed that 70 of the cases were in advanced stages of the 
disease, 9 per cent (20 cases) being m too advanced stages of the 
disease to be treated 

At the Mayo Clinic, 1907 1938, 774 patients were found to be 
suffering from malignant lesions of the thyroid gland, and operative 
procedures were carried out for 509 From 384 of these 509 cases 
the tumor was extirpated, and in 125 cases one or more of the follow 
ing procedures was employed biopsy of tissue from the gland or from 
metastatic masses, excision of involved lymph nodes, tracheotomy for 
obstruction The 384 patients who were subjected to partial thyroidec 
tomy represented 49 6 per cent of the 774 cases seen during the 31 year 
period (Pemberton, 1941) 

Broders (1941) and Portmann (1941) have stressed the sigmfi 
cance of the grade of malignancy as a factor in determining operability 
Broders method of grading is based upon differentiation of cells 
According to this method cancers in which about 75 per cent of the 
cells are differentiated and about 25 per cent undifferentiated are in 
eluded in grade 1 In Broders revised system (1941) the mitotic figures 
and cells with prominent nucleoli are considered only as undifferen 
tiated cells Cancers of grade 2 present a differentiation ranging from 
75 to 50 per cent, the undifferentiation ranging from 25 to 50 *per 
cent A grade 3 cancer has a differentiation ranging from 50 to 25 
per cent and an undifferentiation ranging from 50 to 75 per cent 
In grade 4 are grouped the cancers showing differentiation ranging 
from 25 per cent to practically nothing and undifferentiation from 
75 per cent to practically 100 per cent This grading is "based solely on 
the microscopic study of the cancer cells themselves and not on clinical 
history or ultimate result In the series of malignant lesions of the 
thyroid gland studied at the Mayo Clinic from 1907 to 1937, the grade 
was determined according to Broders method in 496 cases In grades 
1 and 2 there were 338 tumors, 284 of which were operable (84 
per cent) There were 72 tumors of grade 3, and fifty two or 72 2 
per cent were operable In grade 4, 86 tumors were encountered, and 
only 46 , or 53 5 per cent, were operable (Pemberton, 1941) 

Two factors are of pre eminent importance in determining oper 
ability (1) extent of local invasion of surrounding tissues by the 
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primary lesion, and (2) the presence or absence of distant metastasis 
Extent of local imaston is indicated by the relative fixation of the 
tumor It is generally agreed that tumors which are firmly adherent to 
all contiguous structures must be regarded as inoperable, the risk of 
removing such a tumor is out of proportion to the benefit which 
could possibly be expected Moderate restriction of the mobility of the 
tumor may indicate that perforation of the capsule of the gland has 
been limited to a single, more or less distinct site Because of the pos 
sibihty that, under such conditions of localized invasion, the tumor 
may be entirely extirpated, then surgical exploration would seem to be 
indicated Even if it is found that the tumor cannot be completely 
removed, benefit may be derived from the application of radium to the 
remnant of the carcinoma 

Hare (1911) noted that m a number of instances inoperable 
tumors were rendered operable by radiation treatment, the tumor dose 
was 4,800 r or less when the radiation was given by the protracted 
method Other tumors which were recurrent were kept inactive over 
a period of 5 to 7 years by similar radiation treatment In the treat 
ment of relatively anaplastic tumors radiation treatment was given 
postoperatively in all cases following as complete surgical removal as 
possible, these tumors invade locally, are widespread and frequently 
metastasize to the lungs With the exception of the giant cell tumor 
which is highly resistant to radiation, the anaplastic tumors are radio 
responsive Hare found that the radio-responsive types of anaplastic, 
highly malignant tumor became clinically inactive in the region treated 
when 1,800 r had been delivered to the tumor bed As soon as the 
patients condition was favorable, radiation treatment was directed 
to the entire tumor bed, both lobes of the thyroid gland and adjacent 
lymph structures m the neck were also treated at the same time In 
Hares procedure, the neck was divided into 3 portals, 1 on each side 
and 1 in the midline A total of 2,000 r was given to each portal in 
a period of 2t treatment days A better response was obtained by 
this method which involves treating the entire tumor bed daily with 
cross fire radiation, and there were less skin reaction and less irradiation 
sickness Papillary adenocarcinomas are radio responsive and radio 
curable, according to Hare, whereas the alveolar adenocarcinomas arc 
generally resistant to irradiation, as shown by the small percentage of 
5 year survivals (27 per cent) In the group of patients with papillary 



PATHOLOGY 


235 


adenocarcinomas treated b) irradiation the 5 year sur>ival rate was 
80 per cent 

Pemberton (1941) recommended that if, on surgical exploration, 
the local neoplasm is found to be too adherent or fixed for resection, 
radium needles may be buried, 1 cm apart, in the tumor Silk threads 
are attached to the needles to permit closure of the surgical incision, 
the needles are removed aseptically after a period of from 24 to 48 
hours Each needle contains 1 mg of radium and the filter is 0 4 
mm of platinum If the tumor is not definitely encapsulated. Pern 
berton advocated, a large rubber drainage tube should be left in the 
cavity Twelve to 48 hours latec it is possible to insert radium (on a 
lead stem) into the depths of the cavity In every case, during con 
valescence and after partial healing of the wound, topical application 
of radium is employed as well as treatment with roentgen rays 

We would like to emphasize, in common with most authors that 
in a great many instances the malignant nature of the lesion may not 
be suspected before operation usually the operable malignant lesion is 
completely encapsulated Pemberton (1939) and certain other sur 
geons have stated that removal of such tumors, with a definite margin 
of safety is to be considered a sufficiently radical procedure Hertzler 
(1942), however, has strongly advocated total thyroidectomy Pember 
ton believed that it is only for a very limited group of bilateral in 
filtrating carcinomas that thyroidectomy is indicated, with subsequent 
irradiation If the carcinoma is not definitely encapsulated, the opera 
live procedure should include not only total removal of the lobe in 
volved but also excision of adjacent adnexa, the amount of non 
essential tissue removed depending upon the nature and extent of the 
neoplastic growth m the individual case Extirpation of the cervical 
lymph nodes is necessary when there is evidence of their involvement 
It is to be remembered that papillary adenocarcinoma commonly 
spreads by way of the lymph vessels radical removal of the primary 
lesion together with the involved cervical nodes is indicated — surgical 
interference is not contraindicated in such cases of metastasis, papillary 
adenocarcinoma commonly having a low histologic grade of malig 
nancy In other types of carcinoma, after the cervical nodes have be- 
come involved, radical removal of the carcinomatous process may not 
be justifiable Irradiation may serve to reduce the size of the lesion 
and hold in abeyance inoperable and recurrent masses of malignant 
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thyroid tissue. (Hate, 1911, Pemberton and Lovelace, 1911, Lahey, 
Hare and Warren, 1910) 

Operative Mortality In malignant lesions of the thyroid gland, 
the operative mortalitj depends chief!) upon the stage to which the 
disease has advanced the extent of the invasion of surrounding tissues 
b> the tumor and the character of the invaded structures Watson and 
Pool (1910) reported an operative mortaht) rate of about 2 per cent 
(51 cases, 1 fatality) after partial th) roidectom) for carcinoma, where 
the operative mortaht) wis 50 per cent after tracheotom) in Id cases 
in which the patients were encountered late in the course of the disease 
Thus a high operative mortaht) is associated with palliative operative 
procedures for relief of d)spnea and d)sphagia Portmann (1941) 
remarked that, in his scries of 220 cases of malignant tumor of the 
th) roid gland patients d)ing in the hospital after operation represented 
13 0 per cent of all cases Most of the fatalities followed palliation 
operations decompressions of the trachea because the patients were 
in a desperate condition Pemberton (1939 1911) recorded a hospital 
mortaht) rate of 1 8 per cent in 384 cases of carcinoma of the th)roid 
subjected to partial th) roidectom) at the Mayo Clinic, the 125 remain 
mg cases in this scries underwent other operations including trach 
eotom) for obstruction, excision of involved cervical lymph nodes and 
biops) from the thyroid gland or from metastatic masses and 5 pa 
tients died in the hospital (hospital mortality rate, 4 per cent) Ob- 
viously earlier diagnosis and treatment would serve to reduce the 
operative mortality rate as well as to increase the percentage of cures 

Results of Operation (With and Without Irradiation Treatment) 
In 1939 Pemberton noted that the percentile of patients with mahg 
mnt lesions of the thyroid gland who had survived for 3, 5, and 10 
years after treatment (with or without irradiation therapy ) was grati 
fyingl) high — the survival rites after thyroidectomy being 77, 70 
and 58 per cent, respectively for the period just mentioned The sur 
vival rates among the patients treated by irradiation alone were 29 1, 
23 2 and 1 1 1 per cent respectively Pemberton pointed out that these 
rates do not indicate cures, they show merely how long the patients 
survived after treatment A study of survival rates in relation to Bro 
ders histologic method of grading cancer showed tint the lower the 
grade of malignancy, the more favorable the prognosis In Pemberton s 
series (1939), there were 108 traced patients who had lesions of grade 
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1 maljgnanq and who underwent thyroidectomy with or without 
irradiation therapy, 10 years after operation 80 8 per cent of these pa 
tients were alive Corresponding rates of survival for grades 2, 3, and 
4 of malignancy were 62 per cent, 40 per cent and 3 2 per cent, respec 
tiveiy (after 10 jears) Pemberton has further observed that Prog 
nosis in carcinoma of the thyroid gland is in inv erse proportion to the 
certainty of clinical diagnosis Prognosis is most favorable after thy 
roidectomy and irradiation in papillary adenocarcinoma of grade 1, 
the malignant nature of which is not suspected clinically the prog 
nosis is least favorable in diffuse adenocarcinoma of grade 4, the 
malignant nature of which is diagnosed before operation 

Hare (1941) reported the following 5 year survival rates in 231 
cases of carcinoma of the thyroid the patient s course in each instance 
having been carefully followed subsequent to surgical and radiation 
treatment 


Five Year Survival Rate in 231 Cases of 
Carcinoma of the Thyroid (Hare 1941) 


Type of Lesion Per Cent 

Fetal adenoma 71 

Papillary cystadenoma 62 

Papillary adenocarcinoma 80 

Alveolar adenocarcinoma 27 

Small cell carcinoma 22 

Gunt cell carcinoma 17 

Fibrosarcoma (3 cases) 33 


Portmann (1941), in his analysis of the results of treatment in 220 
cases, of mak gwmt tussm of tke tkjcovi gla-o/i cU.ssA6.ed the cases into 
four groups (1) cases without clinical e\idence of malignant tumors 
of the thyroid gland, the neoplasms being small and their malignant 
nature being revealed only after microscopic examination of tissues 
remo\ed, (2) cases without clinical evidence of malignancy, or the 
existence of malignancy suspected only because of the age of the pa 
tient and recent rapid enlargement of a goiter of long standing, or 
malignancy discovered at operation or microscopic examination — • the 
tumor being still localized within the capsule of the gland, (3) cases 
with clinical or pathological evidences of malignanq, the tumor having 
invaded or extended beyond the capsule of the gland, no clinical or 
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roentgenological evidences of metastases Lcing observed, (4) cases 
with clinical or pathological evidences of malignancy and also evidences 
of metastases The survival rates for 5 }ear$ were Group 1, 100 per 
cent, Group 2, 68 0 per cent, Group 3, 23 0 per cent, and Group 4, 3 3 
per cent (all methods of treatment, operation followed or not by 
irradiation treatment and irradiation treatment alone, as palliation) 
Obviously, again, the extent of involvement influences the results of 
treatment In regard to lustopathological tjpes as a factor determining 
the results of surgical treatment (with or without irradiation treat 
ment), Portmann found that, within the 5 jear period after treatment, 
no patient with adenocarcinoma not originating in adenoma died of 
cancer Of die patients with papiUary carcinoma 70 6 per cent were 
cancer free after 5 jears Among the patients with malignant adenoma, 
only 14 3 per cent were alive without cancer after 5 jears, but 3 12 
per cent were alive or died of cancer after 5 jears More favorable 
results were obtained m cases of Ijmphosarcoma 25 per cent were well 
and one third lived as long as 5 jears (largelj because these cases 
responded well to irradiation) All 4 patients with scirrhous carcinoma 
and carcinoma sarcoma failed to survive 5 jears after surgical and 
irradiation treatment No benefits were observed as a result of irradia 
lion of patients with tumors still localized within the capsule of the 
thjroid On the other hand, irradiation apparently prolonged the lives 
of some patients with extensive involvement from malignant tumors of 
the thjroid gland Improved techniques of irradiation maj be expected 
to yield better results than those obtained bj clinicians cmplojmg the 
older techniques 


REFERENCES 

(Malignant Tumors of Thyroid) 

1 Droders, A C, and ParkhiH E M Diffuse and adenomatous goiter and 

goiter induced by v arious agents 5 nrgerj 16 633 1914 

2 Clute H M , and Warren S Cancer of the thyroid gland Am / Cancer 

15 2563. 1931 

3 Cfutc, f f M , and Warren S Prognosis of thyroid cancer Surg , Gyntc & 

Obst, 60 861, 1935 

4 Cole, W H , Slaughter, D P , and Rossiter, L. J Potential dangers of 

ran toxic nodular goiter JAMA, 127 883 1945 



PATHOLOGY 


239 


5 Cnle, G , and Crile, G Jr The surgical treatment of malignant tumors 

of the thyroid gland In Pack, G T, and Lningston, E M Treat 
meat of Cancer and Allied Diseases, sol 1, pp 643 659 New York, 
Hoeber, 1940 

6 Davis, H A Thyrotoxicosis with malignant neoplasms of the thyroid 

gland Arch Surg , 39 435, 1939 

7 Eberts, E Af , Fitzgerald, R R , and Sih er, P G Surgical Diseases of 

the Thyroid Gland Philadelphia, Lea &. Febiger, p 214, 1929 

8 Eisen, D Malignant tumors of the thjroid Am f Af Sc , 170 6l, 1925 

9 Graham, A Malignant epithelial tumors of the thyroid Surg Gynec & 

Obst , 39 781, 1924 

JO Graham, A Nodular goiters Their relation to neoplasia Am ] Surg, 
7 163, 1929 

It Hertzler, A E Diseases of the Thyroid Gland New York, Paul B Hoeber, 
Inc, 1942 

12 Hertzler, A E Surgical Pathology of the Thyroid Gland Philadelphia, 

J B Lippincott Company, 1936 

13 Hinton, J W , and Lord, J W Is surgery indicated in all cases of nodular 

goiter, toxic and non toxic’ 

14 Kennedy, R L J Carcinoma of the thyroid gland in children / Pediat 

7 631, 1935 

15 Kennedy, R L J Nodular goiter among infants and children Tr Am 

A Study Goiter pp 322 326, 1940 

16 Kocher, T Zur kltnische Beurteilung der bosartigen Geschwulste der 

Schilddruse Deutsche Ztschr f Cbir 91 197, 1907 

17 Lahey, T H Carcinoma of the thyroid Am f Roentgenol 46 469, 

1941 

18 Lahej, F H , Hare, H F , and Warren S Carcinoma of the thyroid Ann 

Surg 112 977,1940 

19 McCarty, W C Goiter and its relation to its structural and physiolog 

■cal units Surg Gynec & Obst 16 406,1913 

20 Pemberton, J dej Malignant lesions of the thyroid gland Surg, Gynec 

& Obst 69 417^1939 

21 Pemberton, J dej , and Black B M Goiter in children Surgery 16 

756, 1941 

22 Pemberton, J dej , and Lovelace, W R , Jr Malignant lesions of the 

thy raid gland S Clin North America 21 1037, 1941 

23 Portmann, U V Experiences in the treatment of malignant tumors of the 

thyroid gland Am / Roentgenol 46 454, 1941 

24 De Quersain F Zur Kenntms der wuchemden Struma noch Langhans 

Verhandlungsbertcht der zueiteu Internationalen Kropfktnferenz pp 
650-675, (1933) Bern, Huber, 1935 

25 Specsc, J , and Brown, H P, Jr The malignant degeneration of benign 

tumors of the thyroid gland Am Surg , 74 684, 1921 



240 THE THYROID GLAND 

26 Ward, R Malignant goiter Sunt) of geographical types West / 

Snrg, 13 19 1, 1935 

27 Ward, R Relation of tumors of lateral aberrant thjroid tissue to malig 

nant disease of thyroid gland Arch Snrg, 40 606, 1910 

28 Ward, R Malignant goiter Surgery 16 783, 19-11 

29 Warren S Classification of tumors of the thyroid An ) Roentgenol 

16 417, 1941 

30 Warthin A S Constitutional entity of exophthalmic goiter and so-called 

toxic adenoma Ann Int MeJ 2 553, 1928 

31 Watson, W L., and Pool J L Cancer of the thyroid Surg Gynec (j 

Obit 70 1037, 1910 

32 Wegelin C Malignant disease of the thyroid gland and its relation to 

goitre in man and animals Cancer Research, 3 297 1928 

33 Weld H and Huguenin R Malignant tumors of the thyroid gland 

West J Snrg 47 10 1939 

34 Wilson L B Malignant tumors of the thyroid Ann Snrg 71 129 

1921 



CHAPTER VIII 


THYROIDITIS 

T WraOTOms we may Aefrttt AS Mifiasnrriiatoiy reaction of the thyroid 
gland to mjur), which may be caused by trauma, by local or sys 
temic infectious processes and, perhaps, by some obscure toxic factor 
or factors Toxic substances and pathogenic microorganisms are trans 
ported to the thyroid by the abundant blood supplj of the gland Yet 
the thyroid is remarkably resistant to local infection, as shown by the 
studies of Roger and Garnier as long ago as 1898 and by many subse 
quent researches The pathological changes brought about in the thyroid 
gland by circulating toxins and microorganisms are seldom of such a 
nature as to be observed clinically Tarrant (1913) carefully investi 
gated and described the effects on the gland caused by toxins m cases 
of some of the acute infectious diseases He noted diminution or dis 
appearance of colloid from the follicles, degeneration and desquama 
tion of the lining cells of the follicles, increased vascularity of the 
gland, and hyperplastic changes in the epithelium At times the hyper 
plasta may be remindful of that characteristic of certain stages of pri 
mary thyrotoxicosis Farrant s findings ha\e been confirmed by Cole, 
Womack, and Gray (1929) and other workers Womack and Cole 
(1931) and Womack (1944) have considered thyroiditis in the 
broadest sense of the term, which then includes inflammatory re 
action to physiologic and pathologic states of stress, as when an in 
crease in function is required in the maintenance of homeostasis Thus, 
the thyroid gland is a labile organ and responds to increased demands 
(as for the maintenance of oxygen consumption at a certain level, 
under conditions of stress) not only by ah increase in function but 
also by demonstrable morphologic alterations in cells and often groups 
of acini Hyperfunction may result in residual damage changes in 
size and structure of acini, extras asation of colloid into the surrounding 
stroma, vascular damage, fibrosis and even calcification In most nodu 
lar goiters there are demonstrable degenerative changes that are fol 
lowed by fibrosis, such processes — representing basic inflammatory 
12411 
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response to injur} (often caused simplj b) physiologic or pathologic 
stresses) • — probabl) contribute to the development of the nodulant) 
Nev ertheless, thyroiditis, m its cluneal sense, signifies (l) acute sup- 
purative th}roiditis, (2) acute nonsuppurative thyroiditis, and (3) 
chronic thyroiditis, Riedels struma in particular Until recently, most 
authorities have included Hashimotos disease (struma lymphomatosa 
or lymphanoid goiter) with Riedel s struma — if the two were indeed 
regarded as distinct entities — under the general heading of chronic 
degenerative thyroiditis At present, however, the consensus seems to 
be that Hashimotos disease has little in common, basically, with the 
types of thyroiditis that are apparently the result of inflammation fol 
lowing infection Hashimotos disease, we believe, represents a de 
generative process whose etiological factors must be assumed to be 
closely related to physiologic developments in loss of ovarian func 
tion (Parmley and Hell wig 1916, see page 263) 

Thus beyond the microscopic changes that represent gradual in 
flammatory reaction to minor stresses throughout the life span, there 
occasionally occur in the thyroid gland the more conspicuous inflamma 
lory processes in which the gland may swell, become tender and undergo 
marked alterations in structure and function In the \anous acute in 
flammatory reactions, there may or may not be suppuration marked 
constitutional upset, or grave toxemia — depending upon the nature 
of the thyroiditis, its course, and the treatment employed 

Often a distinction is made between inflammatory reaction in a 
normal gland and a similar reaction in a goitrous gland, the former 
type of inflammatory reaction being designated as a thyroiditis and 
the latter as a strumitis In a nodular gland, hemorrhage into the 
stroma of the thyroid induces an inflammatory response, chiefly mono 
cytic in type, the inflammation is most frequently, however, limited to 
the immediate vicinity of the noduJe involved so that only a local 
tenderness may be noted Later, however, as an acute or subacute 
thyroiditis, there may be a prolonged enlargement of an entire lobe 
Such lesions are more common in young adults, who may thus for the 
first time show evidence of the presence of a nodular goiter Subse 
quent to resolution of the hemorrhage, the indicated treatment is the 
same as in any other case of nodular goiter It is believed that the 
goitrous gland is far more suspectible to acute inflammatory reaction 
than is the normal gland 
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Trauma may be an indirect rather than a direct cause of an acute 
thyroiditis, the inflammatory reaction, to become acute, must involve 
the effects of infection by some microorganism Infection may be in 
direct, as when bacteria enter the gland by way of the blood stream or 
lymph channels, or direct, as when bacteria are introduced into the 
thyroid by the injury In the latter case, the source of infection may 
be through the damaged trachea or esophagus 

Acute Suppurative Thyroiditis 

Although the thyroid gland is remarkably resistant to common 
infectious processes, pyogenic infections do occasionally occur Acute 
suppurative thyroiditis may be associated with a generalized septicemia 
or may follow an acute infection of the pharynx or respiratory tract 
A great variety of organisms have been encountered in this condition 
(Joll, 1932, Womack, 1944) — almost any type may be present 
(Womack), including the bacilli of tuberculosis or typhoid fever, the 
colon bacillus, and innumerable others The infection may be mixed, 
a secondary invasion may follow infection by the primary causative 
organism It is to be noted, however, that even in cases of extensive 
miliary tuberculosis, miliary tubercules within the thyroid substance are 
rarely encountered Exceptionally, a massive solitary tuberculoma or 
diffuse tuberculosis may develop, and with such a condition an acute 
suppuration may be associated As we might expect, in acute suppura 
tive thyroiditis the organisms most frequently found are the staphyloc 
occi and streptococci 

As stated by Kocher (1898), probably most forms of acute thyroid 
itis are secondary to foci of infection elsewhere in the body The or 
gamsms gata eniq to the gknd shnost *■?* aeisbij bj n&y of the blood 
stream or lymphatic vessels, in rare instances an acute inflammatory 
process of the larynx or trachea may extend to the thyroid Still more 
rarely, an infection may reach the gland by way of a persistent thyro 
glossal duct (Meeker, 1925) A nonsuppurative thyroiditis may later 
give rise to acute suppuration, the borderline between nonsuppurative 
and suppurative thyroiditis not always being distinct For instance, 
at times after pneumonia a minor infection of the thy roid may develop 
and very slowly progress to the formation of 3n abscess Such slowly 
developing acute suppurative thyroiditis is usually the result of infec 
tion by some organism other than the common pyogenic types, although 
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of course the latter may also gam entry into the substance of the 
gland and exacerbate the condition The entire gland maj be affected, 
but more often onlj one lobe or a portion of one lobe is imoked 

Generali), m acute suppurative th)roiditis, the onset is sudden 
The gland becomes swollen and tender, presenting the usual picture 
of inflammation The temperature imariably rises, and occasionall) 
the patient suffers chills The outstanding S)mptom is pain — which 
ma> be referred to the mastoid region The patient complains that 
swallowing is painful, hoarseness is sometimes a sjmptom If the 
isthmus is invoked, the depression in the sternal notch may be filled 
There ma> be eccentric as well as diffuse swelling of the neck when 
the abscess or abscesses are limited to one lobe or the isthmus Be 
cause of the close relation of the ribbon muscles of the neck, the patient 
ma) keep the neck in flexion 

Usual!) it is possible to palpate the th)roid but the outlines mi) 
he quite masked b) edema, the extreme tenderness ma) make examina 
tion difficult 

As emphasized b) Hertzler (1911), the onset ma) be so storm) 
that the s)stcmic reaction to th) roiditis ma) overshadow the local 
picture, the lesion ma) even be overlooked until rupture into the 
trachea, lar)nx, or esophagus or through the skin occurs often with 
disastrous results In ver) rare cases, when virulent organisms are in 
volvcd, large portions of the gland may slough and be discharged along 
with the purulent contents, as in gangrene 

In treated cases, rupture into the trachea is rare In untreated cases 
the acute infection extends into the deeper spaces of the neck Myxe 
dema ma) result from destruction of large portions of the parcnch)ma 
When the condition is diagnosed earl), however, and adequate chemo 
therap) is cmp!o)cd, the infectious process ma) be reduced to such 
an extent that abscess formation does not occur Surgical drainage is 
indicated in case of abscess and entails adequate exposure of the affected 
part of the gland, the pathway to the mediastinum must be protected 
at the same time The use of the oxyge n tent ma) be necessar) to ensure 
sufficient ox)gen intake (Womack) 

In earl) cases, examination discloses an indurated gland with 
marked subcutaneous edema, and little more A granular, friable tissue 
ma) be obtained b) incision In the acute stage, histological examina 
non reveals dark hemorrhagic foci and pale infarcts scattered through 
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out the structure of the affected portions which are engorged w ith blood 
When liquefaction occurs, scattered small abscesses may form and then 
coalesce into large irregular abscess cavities The pathological changes 
ma> invohe eventually the entire gland and the suppurative process 
ma) extend into the fascial planes of the neck Microscopic stud) of 
sections reveals a connective tissue intensely infiltrated with pol) nuclear 
cells and aggregation of leukoc)tes into definite purulent foci The 
causative organism ma) be seen in large numbers Remains of ex 
foliated acinar epithelium ma) be encountered at some distance from 
the abscess wall The epithelial cells are found in various stages of 
degeneration and usuall) fill the lumma of the follicles The colloid 
ma) be absent or liquefied and poorly staining At times w e ma) come 
upon giant cells of the foreign body type, these are observed around 
masses of colloid and apparently destroying it In areas affected to 
a minor extent b) the inflammatory process we may see merely hyper 
trophy and hyperplasia of the follicular epithelium, as in very mild 
cases of thyroiditis 

Acute Nonsuppurative Thyroiditis 
The symptomatology of acute nonsuppurative thyroiditis resembles 
that of acute suppurative thyroiditis m general character but not in 
degree or intensity of the manifestations In rare cases, the non 
suppurative type may give rise to acute suppurative thyroiditis, such an 
outcome is more likely m the aged and feeble Most cases are self 
limited, however, subsiding usually in from 10 days to 2 weeks 

As compared with acute suppurative thyroiditis, m the non 
suppurative inflammation the onset is not so abrupt and the general 
manifestations are mild Fever may be slight or even absent The 
thyroid gland enlarges and becomes very tender, but the swelling and 
tenderness throughout the soft tissues of the neck are not as marked 
as in the suppurative type As a rule, the swelling of the thyroid is 
definitely diffuse, however, and the entire front of the neck appears 
indurated, but the outlines of the swollen gland are perceptible on pal 
pation Movement of the neck and swallowing may be decidedly pam 
ful Generally, constitutional symptoms are not conspicuous and may 
be entirely absent Differentiation between the acute nonsuppurative 
and acute suppurative varieties of thyroiditis is not always easy, how 
ever, and many borderline cases are encountered in the course of time 
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E\en a mild onset may feature acute suppurative thyroiditis and diag 
nosis may be delayed 

Satisfactory bacteriologic and morphologic studies are yet to be 
reported in cases of acute nonsuppurative thyroiditis — in all probability 
largely because surgical interference is seldom indicated Approxi 
matcly 50 per cent of patients give a history of recent upper respiratory 
tract infection In many other cases, the lesion may appear m associa 
tion with any one of a great variety of acute infectious diseases And, 
as we have mentioned, the nonsuppurative inflammation may proceed 
to suppuration and abscess formation in the occasional case Hence it 
would seem that we are justified in assuming a bacterial origin for 
the great majority of cases even though the bacteriological findings have 
been neither notable nor enlightening No particular type of organism 
appears to be etiologically significant, and certainly the familiar pus 
producing organisms are seldom encountered On the other hand, not 
infrequently no microorganism is to be found even after careful micro 
scopic studies and, at the same time, no other infection — local or 
systemic — may have preceded or accompanied the development of the 
thyroiditis, at least insofar as can be ascertained 

Pathological examination usually reveals that the inflammation has 
been confined within the capsule Nevertheless, the capsule may be in 
volved to such an extent that the gland becomes fixed to the adjacent 
structures Edema is marked Certain resemblances to the leukocytic 
infiltration characteristic of struma lymphomatosa may be noted, but 
differentiation is generally attained readily, the lyinphadenoid picture 
ts at most scarcely suggested In still other cases, a true fibrosis may 
eventuate, dense bundles being distributed throughout the gland, which 
may thus be divided into fields The connective tissue may be edematous 
and stain poorly with acid dyes Colloid is absent or pale staining 
and the acinar epithelium may have undergone extensive disarrange 
ment and degeneration Interspersing the areas of fihrosis, polynuclear 
infiltration and early or l3te acinar degeneration there arc areas of 
normal or approximately normal parenchyma 

One source* of tonfuston in diagnosis may be encountered the 
acute inflammation may give rise to constitutional symptoms suggest 
mg hyperthyroidism The erroneous diagnosis of toxic goiter may be 
suggested — and has occasionally been made 

Destruction of the parenchyma may proceed — though exception 
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all) — to the point at which symptoms o£ myxedema appear Pro 
longed inflammation may result m abscess formation Suppuration may 
be insidious and pus may accumulate for weeks or longer before the 
true condition is evident 

Riedel s Struma (Struma Fibrosa) 

Attention was first directed to ligneous or woody thyroiditis as a 
specific entity by Riedel (1896, 1897, 1910) Riedel stressed the iron 
hardness of the tumor, its firm attachments to contiguous structures, 
and, as the most prominent feature of the lesion, the dense infiltration 
with connects e tissue Riedel further remarked that the condition, 
at least in the first few cases obser\ed by him, occurred with about the 
same frequency among the 2 sexes, commonly during the fourth decade 
of life, although it may appear in younger or older individuals In 
1904, De Quervain described what he regarded as a more acute and 
granulomatous form of chronic thyroiditis, the giant cell variant of 
Riedel s struma In 1912, Hashimoto reported his observations on 
struma lymphomatosa, which he distinguished from Riedel s struma 
because of the characteristic replacement of the glandular structures 
by lymphoid tissue, the firmness rather than bony hardness of struma 
lymphomatosa, its comparatively slight adherence to contiguous struc 
lures, and its occurrence almost exclusively among females For almost 
3 decades after these early reports there was a conflict of observation 
and opinion concerning the nature and etiology of the forms of chronic 
thyroiditis described by Riedel, De Quervain, and Hashimoto The 
studies of Graham (1931) , Clute et al (1935) , McCUntock and Wrtghi 
(1937), Joll (1939), Harry (1940), McSwam and Moore (1943) 
and Schilling (1945) have served practically to establish the clinical 
and pathological distinctions between Riedel s struma and Hashimoto s 
disease as separate entities De Quervain and Giordanengo (1936) 
Crotti (1938) and Schilling (1945) recognize a granulomatous, giant 
cell variant of struma fibrosa (Riedel s struma) The etiology of 
Hashimoto s disease remains quite obscure (Bothe, 1944, Womack, 
1944, Schilling, 19 15, Parmley and Hellwig, 1946) As regards the 
etiology of Riedel s struma, we have recently advanced a new theory 
(DeCourcy, 1942, 1943), that this disease is a result of a previous 
perithyroiditis which causes a partial constriction of the vessels enter 
ing the gland Tins theory is based upon extensive evidence, and, a. 
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ly, 15 Chronic nonspecific thy roidms (Riedel s struma) The mass it "hit 
very hard enclosing in the center some hut slightly affected thyroid tissue 
The surface of the mass shows cxtraglandular tissue it was necessary to re 
move (from Hertzler A E Surgical Pathology of the Thyroid Gian I 
Philadelphia 1936 J B Lippincott Co ) 

noted b) Schilling* (1915) in hts comprehensive re\ie\\ of the known 
tacts in support of our conclusions would seem to explain in satis 
factory terms the hitherto obscure nature of the causative influences 
leading to the development of Riedels struma The evidence sup- 
porting our conclusions will be discussed in detail in a later section 
(pa S c 25 I) 

Clinical Features As a disease of the thyroid Riedels struma is 
of relatively rare occurrence In the DeCourcy Clinic the condition has 
been encountered in about 2 per cent of all thyroidectomies, hence its 
incidence appears to be approximately the same as that of cancer of 
the thyroid Riedel found that both sexes are about equally affected 
and other observers arc in general agreement. Schilling (1915) stated 
that between 60 and 80 per cent of patients suffering from Riedels 
struma are females 

In the early stages toxic symptoms may be entirely absent and the 
basal metabolic rate may be normal Evidence of hypofunction may 
exceptionally be present (Womack 1911), although in other cases 
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I g 4C Chron c nonspecific thjro d tis (R edel s struma) Onl) parts of He 
mass could be remo ed The mass at the right x has attached an overly ng 
muscle (Trorn Hertz! er A E Srrg cal Ptll ology of il eThyo d Gla d Ph la 
delphia 1936 J B Lipp ncott Co ) 

there may be a slight elevation of the basal metabolic rate (possibl) 
to be ascribed to the patient s psychic reaction to the onset of sjmp 
toms) As a result of the connective tissue infiltration involvement 
of adjacent structures by the fibroblasts and gradual enlargement of the 
gland symptoms of obstruction sooner or later appear Thus there may 
be compression of the trachea esophagus larynx and blood vessels 
and pressure mi} be exerted upon neighboring nerves Edema result 
ing from compression of the jugular veins and dysphagia caused by 
pressure on the esophagus are usually seen earlier than severe tracheal 
obstruction leading to dyspnea Respiratory difficulty may also be 
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caused b) tracheal displacement m cases m which onlj one lobe is in 
\ohed (30 per cent of cases) The earl) feeling of pressure is usually 
followed or accompanied b> hoarseness, stridor, or even aphonia be 
cause of the involvement of the larjngeal nerves, although such s)mp- 
toms arc relativel) rare Common!) the disease involves first one lobe 
and then the other, in about 70 per cent of cases the entire gland is 
found to be enlarged when the patient is first seen As fibrosis becomes 
more pronounced, the tumor assumes a bony hardness ( iron hard 
ness ) Evidence of cxtraglandular fibrosis — fixation of the gland 
and some loss of distinctness of outline — maj appear in the earl) 
stages, such findings arc characteristic of the later stages 

From a review of the literature, one would judge that the onset 
of Riedels struma is not acute Lee (1935) described its onset as 
insidious, Tox and Missal (1911) stated that the average duration 
of S)mptoms is about 7 months, and Schilling (1915) believed the 
duration of sjmptoms to be between 1 and 2 )cars (but, in the case of 
the giant cell variant of struma fibrosa, between and 1 and 12 
months) The duration of s)mptom$, however, ma) be much less 
During the past few )cars at the DeCourc) Clinic we have operated* 
upon two patients with Riedels struma who entered the hospital 
acutel) ill and remained for surger) , these cases will be described in 
detail in a later section page 255) 

Differential Diagnosis Although admittcdl) difficult, the diagnosis 
of wood) thyroiditis usual!) can be made prior to operation b) the 
characteristic consistent of the gland and b) a normal, slightl) sub- 
normal or mildl) elevated basal metabolic rate — thus differentiation 
from diffuse toxic goiter may readil) be achieved Carcinoma of the 
th)roid gland should be considered The firmness of the tumor sug 
gests carcinoma, but the extreme hardness, the absence of nodules, and 
the more or Jess indefinite bojifers of the ghnduhr eo) argement aid 
in differentiation Also, carcinoma usuall) develops in the presence of 
a pre-existing goiter 

In Riedels disease, when the temperature is elevated, the fever 
ma) be expected to subside rapidl) The tendenc) is toward fibrous 
formation rather than suppuration Hence differentiation from acute 
suppurative th)roiditis is possible 

In contradistinction to Riedel s struma, Hashimoto s disease occurs 
• At of Apnt I 1948 hate operairJ 1) tuch catrt 
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almost invariably m •women and usuall) at a somewhat later period of 
life (ages 40 to 60) , the thyroid gland undergoes bilateral enlarge 
ment characteristically and does not become as hard as in woody thy 
roiditis The onset is more insidious in struma ljmphomatosa and the 
pressure symptoms are, as a rule, less marked, the tendency toward 
fixation of the thyroid gland is less evident 

Pathologic Features Gross Appearance The thyroid gland in Rie 
del s struma is glistening white, smoothly enlarged, very hard, and 
characteristically densely adherent to contiguous soft tissues, the pre 
tracheal muscles being involved also The avasculanty of the gland is a 
highly significant feature and is receiving increasing attention in re- 
lation to our theory of the etiological factors involved in the develop 
ment of the struma, as will be pointed out later In general, the gland 
may be described as avascular except where ov ergrow th of fibrous tissue 
has served to maintain the patulousness of a large vessel The enlarged 
gland is typically so densely adherent in true struma fibrosa that it may 
be cut only with the greatest difficulty and resection may be physically 
impossible unless we employ continuous sharp dissection without 
identity of adjacent structures, vessels or nerves In some cases, removal 
of the isthmus to free the trachea may be all that can be safely accom 
plisbed unless only a portion of the gland is involved If the entire 
gland and surrounding soft structures are involved resection, and at 
times merely subtotal resection, may be excessively difficult and danger 
ous 

Unless a lobe is unmvolved, it is to be emphasized, not only is 
extreme avasculanty an obvious feature but also the adhesive charac 
teristics are highly conspicuous In approximately 30 per cent of the 
cases, the process — when encountered first — has not extended beyond 
one lobe, such cases may be regarded as in early stages of the disease 
or as in a stage at which the disease process has been retarded, held 
back from its characteristic progress In many cases, the esophagus may 
be completely surrounded At times, the fibrous enlargement of a lobe 
may encapsulate and compress a colloid adenoma We have emphasized 
the frequently obvious evidences of a perithyroiditis in which a thicken 
ing of the capsule and an induration of the surrounding tissues are ob- 
served (DeCourcy, 1942, 194?) 

Histopathologic Features Microscopic examination of Riedel s 
struma reveals strikingly dense fibrous tissue invasion Such epithelial 
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elements as may remain are, in the typical case, compressed by the 
fibrous overgrowth The acmar epithelium may be entirely absent m 
involved areas of the gland, in other areas the acini may be nearly 
normal in appearance but may \ary in size, shape and colloid content 
The epithelial cells are frequently normal cuboidal with centrally 
located nuclei Commonly we observe many acute and chronic in 
flammatory cells which have infiltrated the connective tissue planes, 
the presence and number of such cells vary according to the stage of 
the disease and the area examined These infiltrating cells are less 
numerous in advanced stages of the process 

Lymphocytes wandering monocytes, and plasma cells are cn 
countered in varying numbers, and in the earlier stages pseudogiant 
cells or perhaps even true giant cells may be seen Various observers 
have reported frequent giant cell reaction, the giant cells at times 
presenting bizarre appearances because of the resemblance of the 
cotioid to the cytoplasm of the cells Goctsch (19-10) expressed the be 
lief that the giant cells are composed of a syncytium of degenerating 
thyroid cells, are not phagocytic, and represent evidence of the dc 
generative process associated with inflammatory reaction Certainly 
degeneration of the thyroid cells and the colloid is detectable or obvious 
in a high percentage of cases De Quervain (1936) and Schilling 
(1913) have insisted that in the giant cell variant of struma fibrosa 
the distinguishing features arc cellular aggregates resembling foreign 
body giant cells, acute degeneration of the acini, and a granulomatous 
appearance These authors have noted further, as have many other 
recent authors that whether or not one recognizes the existence of a 
giant cell variant of struma fibrosa an outstanding histological feature 
of Riedel s struma is the thickening of the intima and media of the 
arterioles Moreover, the vessels are surrounded by a cuff of fibrosis 
in most instances These characteristic vascular involvements are mti 
mately concerned in our explanation of the causative factors under 
lying the development of Riedel s struma 

Theories of Etiology The etiology of Riedel s struma, or ligneous 
thyroiditis, has received the attention of numerous authors Many 
theories have been proposed some of which have been discarded 
whereas others still have their adherents Specific organisms have not 
been noted consistently in fibrous thyroiditis It is generally conceded 
that syphilis and tuberculosis arc not involved as causative factors 
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Actinomyces, streptococci, and numerous other organisms lia\e been 
considered speculate ely but no important evidence of direct and con 
stant etiological significance of an) specific form has been forthcoming 
Many authorities, however, still regard it as possible that different 
organisms may play an etiological part in the de\e!opment of the dis 
ease under different conditions by directly causing or by participating 
m a basic inflammatory reaction 

The oldest theory concerning the causation of Riedel s struma is 
that the condition is a result of a local inflammatory process in the 
thyroid gland, and a number of prominent contemporary authorities 
have favored this view (Graham, 1931, Harry, 1940) Grahams ob 
servations and conclusions in 1931 were of the utmost importance in 
establishing the now generally accepted conception of Riedel s struma 
and Hashimotos disease as distinct entities, thus the umtarian belief 
of Ewing (1922) — that Riedel s struma is a sequel to struma lympho 
matosa — has been overshadowed Ewing termed Riedels struma 
benign granuloma of the thyroid and suggested that it might repre 
sent a precancerous condition Graham, in his consideration of the 
etiology of Riedel s struma, pointed out that in this disease the general 
body economy is affected only secondarily as a result of the degenera 
tion of thyroid tissue, the interference with deglutition and respiration, 
and injuries to the important blood vessels and nerves Such a process 
Graham noted, has its counterpart in other organs and tissues, which 
may be expected to respond in a similar manner except for the fact 
that the thyroid gland is so situated as to render more likely the de 
velopment of complications 

Much the same view was expressed more recently by Harry In 
discussing the pathogenesis of struma fibrosa, he emphasized the evi 
dence which suggests that the process represents chronic inflammatory 
reaction To support this suggestion, Harry cited such factors as the 
early stimulation of the gland function, subsequent destruction of the 
parenchyma, extensive fibrosis the presence of cells typically encoun 
tered in chronic inflammatory states and the existence of similar lesions 
in the adjacent cervical tissues 

McKmght (1936) remarked that we are prone to neglect the ex 
istence of inflammatory reactions other than those caused by bacteria! 
invasion It was his suggestion that the pathologic picture of Riedel s 
thyroiditis results from the action of some obscure biochemical irritant 
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differing from that produced in or causing exophthalmic goiter Zclle 
and his associates (1939), in describing a case of Riedel s struma in a 
33 jear old woman, expressed the belief that the disease is caused b) 
abnormal response of the thyroid to physiologic demands Similar be 
liefs base been set forth by some other writers 

Comcrsely, a number of workers have opposed the theory that 
the disease is inflammatory in nature It has been variously suggested 
that the condition may result from adrenal dysfunction, or from over 
stimulation by thyrotropic hormone of the pituitary, or from the dc 
generation of a previously enlarged thyroid These and other ideas 
concerning possible etiological factors hav c been discussed recently by 
Bothc (1911), Womack (1911), Schilling (1915), and Parmley and 
Hell wig (1916), who have pointed out that there is no convincing 
evidence to support any of these theories As Schilling has concluded 
etiological theories based upon the conception of the prime significance 
of inflammatory reaction have the greatest weight of evidence in their 
favor at the present time 

Role of Perithyroiditis The literature just reviewed would seem to 
indicate that the consensus pictures the involvement of the capsule of 
the thyroid gland in Riedels struma as the result of fibrosis arising 
within the tissue of the gland and extending outward so that eventually 
the process comprehends tissue beyond the capsule and surrounding it 
It is our opinion, however, that the primary etiological factor in 
Riedels struma is a perithyroiditis, ic, we believe that the fibrous 
process begins outside the gland rather than inside the thyroid itself 

That this perithyroiditis is always associated with Riedel s struma in 
younger persons is demonstrated by the close adherence of the over 
lying muscles to the gland Now is this associated perithyroiditis a 
secondary result of the disease itself or is it the basic etiologic factor 3 

It has always been our belief that Riedel s struma is a vascular 
nthcr than a glandular disease and that it begins with a perithyroiditis 
which produces secondary changes within the gland itself The findings 
of Goldblatt and his associates ( 19 10) in regard to the secondary effects 
of renal ischemia are decidedly pertinent In their extensive studies on 
experimental hypertension, Goldblatt clearly demonstrated the pro- 
found effect of partial occlusion of the renal blood vessels on specific 
organs and tissues Not only did thickening of the intima and media 
of the blood vessels result but also fibrous whorls developed about 
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these vessels, these pathological changes m the blood vessels are quite 
similar to those typically occurring in Riedel s struma 

A perithyroiditis with the adherent muscles would certainly cause 
some constriction of the thyroid vessels and their superficial tributaries 
and a condition of partial ischemia would obviously result Conse 
quently, we would expect a secondary fibrosis to result, as in Riedel s 
disease The compression of the smaller vessels and the comparative 
avasculanty of the cut surface of the hard fixed tumor in Riedel s dis 
ease have been stressed as conspicuous features of the condition by 
many observers (Hertzler, 1942, Schilling, 1945) Large vessels may 
be held to some degree patulous by the induration The tendenq toward 
fibrous reaction in ischemic conditions has been observed not only in 
the kidneys of experimental animals but also in surviving human 
thyroid glands in organ culture, necessarily under partially' ischemic 
conditions, the problem of adequate blood supply being practically 
insurmountable 

Harry (1940) remarked the variation in the condition of the blood 
vessels in different specimens of Riedels struma and observed that 
pronounced thickening of the arterioles and small arteries is the rule 
although in some instances these vessels may appear normal Harry 
noted further that the number of capillaries is reduced In different 
cases, we may point out, perithyroiditis would be expected to cause 
different degrees of compression and partial ischemia and, therefore 
different degrees of thickening of blood vessels (as in the varying re 
sponse of the renal blood vessels and renal tissue to varying degrees of 
partial ischemia, as noted by Goldblatt) 

Two recent case histones from the DeCourcy Clinic may serve to 
clarify the discussion of our theory of the etiology of struma fibro r a 

Case 1 — V P , a 42 year old married, white female, entered the 
clinic on Nov 8, 1941, because of loss of weight and nervousness She 
presented a history of sore throat, which had occurred 1 month pre 
viously, but no history of goiter Her temperature was 102 degrees T , 
blood count, 17,800 white cells per cc , differential, polymorphona 
clears 73 per cent, small lymphocytes, 25 per cent, eosmophiles, 1 per 
cent, basophiles 1 per cent Lung fields and heart were normal 
Wasserman and Kahn tests were negative 

Her thyroid was symmetrically enlarged, each lobe being about 3 
times normal size Her neck overlying the gland was exquisitely tender, 
with no evidence of external inflammation 




1 ig 17 A small artery showing hypertrophy of media with reduction of lumen 
and surrounding collar of dense hyahnized connective tissue (Hortega silver 
impregnation stain) 


While she was in the hospital, her temperature range was between 
98 and 102 degrees F Her pulse was 88, respiration 22, blood pressure 
138/78, basal metabolic rate (two readings), plus 16 No medication 
was given during this time except Lugol s solution In 3 days she re 
turned to normal but the thyroid remained enlarged and hard, although 
the tenderness had disappeared 

Bilateral subtotal thyroidectomy was performed on Nov 21, 1911 
When the excised gland was examined grossly, the appearance was 
definitely that of Riedels struma The organ was white and muscle 
fibers tn large numbers had densely adhered high over the side of the 
lobes, which had to be removed by sharp dissection There was vet) 




T>g 48 A and B A small artery showing medial hypertrophy and a prc 
capi/farj arteriofe showing sclerosis obliteration and surrounding collar of 
dense hjalimzed conneetise tissue, marked hjalmization of the entire stromt 
(Hortega sthergold impregnation stain) 
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little bleeding from the cut surfaces The outer portion of the lobe was 
most invoked and thyroid tissue could be seen beginning about 1 cm 
from the capsule The colloid, hois ever, appeared to haie a whitish 
color rather than the red color usually seen 

Dr William Germaine, pathologist to the Good Samaritan Hos 
pita!, reported the following microscopic findings There was com 
pensatory hyperplasia, intense fibrosis, marked strangulation of func 
tioning thyroid elements marked arteriosclerosis, formation of pseudo 
granulomata and pseudogiant cells The diagnosis was Riedel s struma 
The postoperatn e period was uneientful Her temperature reached 
normal on the fourth postoperative day and remained afebrile to the 
time of her dismissal 

She has since regained her normal weight, and is taking desiccated 
thyroid, 1 gr daily, 1 months after her operation 

Casc 2 — EK a 59 year old single, white female, entered the 
Clinic on Sept 10, 1941 Four weeks prior to admission she had become 
aware of increasing nervousness, loss of weight, tachycardia, and at 
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times, a choking sensation in her throat At the time of admission, her 
temperature was 99 degecs T , pulse, 88, respiration, 22; blood pres 
sure, 168/90, basal metabolic rate, plus 20 Her thyroid was diffusel) 
enlarged, about 2J4 times normal size, and was quite tender to touch 
There was no evidence of external inflammation 

No history of pres tous goiter could be obtained, although the pa 
tient thought that her neck had appeared to be somewhat swollen dur 
ing the past 4 }cars It had not been as hard as at present Her blood 
picture was as follows hemoglobin, 86 per cent, red blood cells, 
4,280,000, white blood cells, 12,800, differential count poljmorpho 
nudears, 76 per cent, small Ijmphocjtes, 2} per cent, basoplules, I per 
tent The remainder of the physical examination was essentially nega 
ti\e except for a fine tremor of the hand 

A diagnosis of wood} th> roiditis was made, and Lugol s solution, 
10 drops, 3 times dail>, was given 

A subtotal th) roidcctomj was performed on Sept 8, 1911 

The gross pathological findings in this instance were essentiall) 
similar to those found in the previous case Whitish appearance of the 
gland, adherent muscles, etc 

The microscopic examination was reported b) Dr William Gcr 
mame as follows There is replacement of thyroid b) diffuse struma 
fibrosa in which there is c\tcnsi\e strangulation of ghnd bearing tissue, 
advanced fibrosis, islands of !)mphoid tissue, and formation of pseudo 
granulomata and pseudogiant cells There is also a marked arteriolar 
sclerosis 

Diagnosis Riedel s struma 

Fort) eight hours after operation, the patient s temperature became 
normal and remained so to the time of dismissal on the fifth post 
operative da) 

These cases are interesting primarily because of their acute onset 
which was cudcntl) associated with a perithjroiditis, and because of 
the tenderness of the overling structures, the elevated temperature 
which subsided rapidl), and the lack of an) tendcnc) to suppuration 
The possibilit) exists that these febrile periods were merel) the result 
of exacerbations of an alread) existing condition, the same finding, 
however, has frequent!) been reported by other writers It is our belief 
that, had these patients not been operated upon, probably the cases 
would have been classified as acute nonsuppurating th) roiditis Pos 
sibl) several )cars would have elapsed before surger) was undertaken 
and a definite diagnosis made 

It is pertinent that Hertzler, in discussing Riedel s struma, staled 
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that whatever the disease may be, it is neither a true inflammation 
nor a true tumor Considering the clinical and pathologic findings, 
we might say that these cases represented acute nonsuppurating thy roid 
itis which became chronic If this is a true expression of w hat occurred, 
then it must be concluded that it is possible for acute nonsuppurative 
thyroiditis to metamorphose quickly into chronic nonsuppurative thy 
roiditis or Riedel s disease Notable evidence in support of this con 
elusion has been recorded by De Quer\am and Giordanengo (1936) 
They studied 8 cases of subacute and chronic thyroiditis of a non 
specific etiology and were able to trace clearly the various stages 
from acute to subacute to chronic thyroiditis De Quervain and 
Giordanengo held that struma fibrosa is a later phase of an acute 
thyroiditis, which may be followed by progressive pathologic changes 

Considered grossly , cases such as the 2 w hich w e ha\ e cited cannot 
be mistaken if seen early, it is possible however, that perithyroiditis 
has been mistaken for acute nonsuppuratn e thyroiditis 

We were fortunate in obtaining sections from the first case, which 
we consider to be representative of a very early stage of the disease 
In this instance, the surrounding glandular tissue was involved, while 
recognizable thyroid tissue still remained in the interior of the gland 
Thus it appears that the spread of the fibrous tissue and the extension 
of the pathologic process as a whole take place from without and pro 
ceed inward — rather than that the process originates within the 
gland and progresses by extension outward toward the periphery and 
beyond 

These findings represent evidence distinctly favoring our theory 
that a perithyroiditis is primarily responsible for the woody consistency 
of the gland and that this fibrous formation does not result from a 
process originating within the gland itself Further, although a few 
cases of Riedel s struma have been reported as occurring in association 
with a preexisting goiter, we have never encountered such a case in 
our experience Schilling (1945) stated that Riedel s struma does not 
arise in association w ith a goiter 

Perithyroiditis appears to have been a neglected topic in medical 
literature We have been unable to find any mention of the condition 
even in standard treatises and yet, when operating for goiter, the sur 
geon not infrequently encounters evidence of perithyroiditis It has 
been the experience of most surgeons that it often becomes necessary 
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to use sharp dissection m freeing nodular goiters from their beds This 
experience, we Ldieve, cannot be accounted for unless we assume that 
a pcrith) roiditis previously existed At present we seem to be en 
countering such cases with increasing frequent}, the explanation re 
mainmg obscure 

The suddenl) induced tendency toward imolution subsequent to 
the administration of iodine in nodular goiter may cause this apparent 
fixation, no important evidence, however, has been forthcoming in 
fas or of such an explanation Boyden, Coller and Bugher (1935) 
suggested that iodine administration may be the chief etiological factor 
in Riedels struma Zellc and his collaborators (1939) remarked in 
regard to this theory It also seems to us that Riedel s struma was ob 
served before Lugols solution was used for goiter therapy In the 
case reported by Zellc ct at the patient had received the drug in only 
small quantities and during a very brief period Likewise, in the 2 
cases just cited by ourselves, treatment with Lugol s solution was neither 
prolonged nor in large dosage, far more significantly, however, in both 
instances the condition involved an acute inflammatory reaction which 
was well advanced before the administration of the drug 

Another consideration is that the spectacular involution which 
follows the use of iodine in diffuse hyperplastic goiter is not induced 
in nodular toxic goiter In these cases, there is the conceivable possibil 
ity that the iodine docs not penetrate to the glandular tissue because 
of the dense capsular thickening and therefore a chemical pcnthyroid 
ills (lymphangitis) may be produced in the surrounding tissues In 
all probability, however, the blood supply is sufficient to transport the 
iodine in quantity to the parenchyma 

In summary, we may state that, in common with the majority of 
workers, wc regard Riedels struma as a condition resulting from in 
flammatorv reaction Nevertheless, we have proposed the new theory 
that the inflammatory reaction within the thyroid gland is secondary to 
a partial ischemia resulting from a previous perithyroiditis, which must 
be looked upon as the primary etiological factor in the development 
of fibrosis within the gland The pathologic process in Riedel s struma 
thus is pictured as beginning outside the capsule of the gland and as 
proceeding inward The perithyroiditis brings about a constriction of 
the thyroid vessels and associated blood channels The fibrous over 
growth within the gland is an inflammatory response to the resultant 
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ischemia A review of the pathology of Riedel s struma and the elm 
ical features of the disease has provided considerable evidence mdi 
eating just such an etiology Finally, m our opinion, this conception 
of the causation of struma fibrosa has not previously been advanced 
because the consideration of perithyroiditis as a not uncommon con 
dition has been neglected 

Hashimotos Dislase (Struma Lamphomatosa) 

In Hashimotos disease, the glandular tissue of the entire thyroid 
is gradually replaced by lymphoid overgrowth, or diffuse mteracinar 
lymphocytic infiltration which gives rise to numerous lymph follicles 
with germinal centers Fairly uniform enlargement of both lobes and 
the isthmus is characteristic The gland is resilient, firm rather than 
hard (as in Riedel s struma) and nodular Usually there is little ad 
herence to surrounding structures beyond some slight attachment 
to the trachea Vascularity is normal or slightly decreased The surface 
of the gland is smooth and often yellow although the color vanes from 
white to brown, because of the lymphoid overgrowth and moderate 
fibrosis the cut surface has a trabeculated meaty appearance A pre 
operative impression of adenomatous goiter may at times be given by 
the lobulated appearance produced by the fibrous trabeculae Fibrosis 
however, is not present to the extent characteristic of Riedel s struma 
Microscopic examination reveals lymphoid follicles of various sizes 
often large with enormous germinal centers the alveoli are atrophic 
and compressed by the ly mphocy tic infiltration Characteristically there 
is little colloid The acinar epithelium is generally dull, granular and 
cuboidal The germinal centers may show mitotic figures 

The clinical picture associated with Hashimoto s disease is vague 
rather than distinctive With very few exceptions the reported cases 
have occurred among women — and generally in the fifth or sixth 
decade of life Neither hyperthyroidism nor hypothyroidism is charac 
teristic in early cases Occasionally, hypothyroidism may develop but 
almost always in mild form The failure of severe or advanced myxe 
dema to develop may be accounted for by the slow ness of the process 
m this disease and by some compensatory hyperplasia of persistent 
glandular structures In late stages of thyroiditis, however such hyper 
plasia may not be adequate to maintain a metabolism within the nor 
mal range, and clinical myxedema may supervene (Thyroidectomy in 




1 ig 31 Lymph nodule with germinal center in carl) chronic lymphatic 
th) rouiitis (a) follicles surrounded by lymplntic infiltration (b) Ljmph 
follicle with germinal center (c) Acini obliterated by the infiltration the cells 
of which are palel) staining (Irom Hertzler, A E Surgical Pathology of 
the Thyroid Gland Philadelphia 1936 J B Lippmcott Co ) 


cases of Hashtmoto s disease frequentl) leads to myxedema ) The 
mild compresstae symptoms that may be anticipated are not infre 
quently encountered At times, there is a slight relative lymphocytosis 
In some cases, it maj be possible to make a clinical diagnosis on the 
basis of clinical and gross findings, a preoperative diagnosis when 
h) perth) roid ism is present may be extremel) difficult In most re 
ported cases, the diagnosis has depended chief!) on the findings of the 
pathologist 

Not all contemporar) authors recognize Haslumotos disease as an 
entity distinct from Riedels struma (Ewing, 1922, Williamson and 
Pcarse, 1929, Eiscn, 1931, Womack, 1911) The consensus, however, 
is that 2 lesions represent different pathological pictures and present 
different clinical symptoms (Hashimoto, 1912, Graham and Me 
Cullagh, 1931, J G Lee, 1935, McCImtock and Wright, 1937, C M 
Lee and McGrath, 1937, Joll, 1939, Moore and L!o)d, 1912, MeSwain 
and Moore, 1913) 

In 1912, Hashimoto reported 1 cases of thyroiditis in which the 
glandular structures were to a large extent replaced b) lymphoid tissue 
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He stressed the involvement of the whole gland, the very slight ad 
herence to contiguous structures (the trachea excepted), the absence 
of obstructne symptoms, the tendency toward postoperatn e hoarseness, 
and a lengthy convalescence He called attention to the fact that all 
his (four) cases occurred in older women Further, Hashimoto noted 
infiltration with connective tissue, but, above all, he emphasized the 
extreme abundance of lymphocytes, diffuse and in the form of lymphoid 
follicles of varying sizes with germinal centers — hence his term, 
struma lymphomatosa This type of lesion he considered an entity 
distinct from Riedel s struma both clinically and pathologically 

In contrast, Riedel (1896) in his original papers recorded five cases 
of thyroiditis in which the iron hardness of the tumor suggested a 
malignant lesion At operation the gland was found to be attached 
to the trachea, the carotid artery and the internal jugular vein Riedel 
reported that, upon microscopic examination he observed both spindle 
cells and round cells, but, as is disclosed by inspection of his drawings 
the most prominent feature of the lesion is the dense infiltration with 
connective tissue Lymph follicles are absent and lymphoid cells are 
present in small numbers only In the first 5 cases recorded by Riedel 
there were 3 males and 2 females 

Four cases of thyroiditis were studied by Ew mg (1922) , who stated 
that the pathological changes described by Riedel in Eisenharte 
Struma and by Hashimoto in struma lymphomatosa could be found 
simultaneously in the same thyroid Ewing expressed the belief that 
the extreme degree of fibrosis in Riedel s struma represents the end 
result of the changes observed in Hashimoto s disease This hypothesis 
leads to the conclusion that both types of lesions are caused by the same 
underlying pathological disturbance and are not 2 distinct clinical 
entities but simply early and late manifestations of a single process 
Ewing s suggestions ha\e been supported and extended by a number 
of later authors Williamson and Pearse (1929) evolved the conception 
that the thyroid has a lymphogenic function which may, when per 
verted, lead to the accumulation of lymphoid tissue, as m the condition 
described by Hashimoto They applied the term lymphadenoid goiter 
to this type of thyroiditis and regarded the fibrosis as a creeping replace 
ment of injured reticuloendothelium, the end result being — as in the 
process suggested by Ewing — the condition first described by Riedel, 
Riedel s struma 
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iig 52 Chronic lymphatic thj rot Jitis (A) Low power (a) edge of lymph 
follicle, (h) intense lymph ceil infiltration (c) acini filled with large foam) 
tells (B) High power (a) large ill) staining cells sometimes mistaken for 
mctastascs of adrenal tumors, (b) lymph cells (Prom Hertzler, A E Sur 
gicul Pathology of the Thyroid Ghnd Philadelphia 1936, J B Lippincott Co ) 

Graham and McCuIlagh (1931), after reviewing the cases reported 
b) Hashimoto and almost all cases subsequently recorded, presented 
their own observations on a struma lymphomatosa, these authors were 
able to give impressive support to the belief that Hashimoto s disease 
and Riedels struma are two quite distinct types of thyroiditis They 
again emphasized the gross and microscopic distinctions noted by 
Hashimoto, further, they pointed out the lack of evidence to the effect 
that the diffuse lymphoid infiltration of Hashimoto's disease is fol 
lowed by productive fibrosis and scar tissue formation in such degree 
as to bring about the development of the condition characteristic of 
Riedel’s struma Of 10-1 cases of struma lymphomatosa collected by 
Graham, 95 8 per cent were women, the average age at which the 
symptoms were first observed was 52 I years The comparatively ad 
vanced age at which the onset of symptoms was noted must be re 
garded as evidence against the view that Riedels struma is a sequel 
to Hashimoto s disease 

Joll (1939) carefully studied a series of 51 cases of his own m 
which the diagnosis was Hashimoto’s disease, to this series he was able 
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to add 30 cases the data on which were communicated to him by other 
workers Jolls observations convinced him that Hashimotos disease 
and Riedel's struma are definitely separate entities both clinical!) and 
pathologically Like Graham, he stressed the point that m Riedel s 
struma a diffuse lymphocytic infiltration does not occur, although an 
occasional lymph follicle may be found Concerning the incidence of 
struma lymphomatosa, Joll reported 51 cases in 5,650 thyroidectomies 
(i e , slightly less than l per cent) 

In 1943, McSwain and Moore summarized the findings in 71 
collected cases of Hashimoto s disease, they noted that the average age 
at which these patients presented themselves for treatment was 47 years, 
the majority (39 cases) first seeking treatment between the ages of 
41 and 60 years In one case, however, the patient (female) was only 
14 years old, at the other extreme was a patient aged 75 years Sixty 
eight of these cases were female, and 3 were male These authors also 
found that in reports on 11,049 operations on the thyroid, the incidence 
of struma lymphomatosa was 1 in 116, or slightly less than 1 per cent 



lig 53A and B Chronic lymphatic thyroiditis (A) Intense lymphatic in 
filtration all but obliterating the acini (B) Acini in which the epithelium is 
exfoliated into a cavity devoid of demonstrable colloid The exfoliated epithe 
hum is in a state of degeneration (from HertzJer, A E Surgical Pathology 
of the Thyroid Gland, Philadelphia, 1936, J B Lippincott Co ) 
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In general their anal) sis of the 71 collected cases provided evidence 
dcodedl) favoring the views of Graham and of Joll 

Womack in lus recent review (1911) of the prolonged controvers) 
regarding the relationship of Hashimotos struma !}mphomatosa to 
Riedel s struma stated that there seems to be a definite difference in 
the clinical picture in isolated well defined tjpes of the two con 
ditions Further according to Womack It seems apparent from a con 
sideration of the microscopic appearance of the 2 lesions that the) 
present a quantitative rather than a qualitative difference and the 
s>ndromes that ensue are related to the predominance of a particular 
type of inflammatory reaction in Riedel s goiter it is fibrosis m Hashi 
moto s t)pe it is l)mphoid overgrowth Often both have been noted in 
almost equal amounts and this has led to discussions as to classification 
that have not been too illuminating Nevertheless Womack re 
marked It has been assumed bj some that the fibrosis is an end stage 
of a l)mphadenoid t)pc but evidence to support this ver) logical as 
sumption is not too apparent It is his contention that the 2 lesions 
represent parallel manifestations of the same undcrl)ing injur) Wo 
mack in discussing the possible causative factor or factors underl)ing 
the 2 conditions laid considerable emphasis upon the finding that 
identical chances in the th)roid are encountered in adrenal cortical 
insufficient) It must be observed however that (l) there is no satis 
factor) evidence in favor of the view that an) considerable number 
of patients with chronic th) roiditis (Riedel s struma or struma lympho 
matosa) suffer from adrenal cortical insufficiency (2) few patients 
with adrenal cortical insufficiency have an associated thyroiditis (3) 
in many cases postmortem examination of the thyroid glands of pa 
tients dying of adrenal cortical insufficiency has revealed no changes 
comparable to those characteristic either of Riedel s struma or Hashi 
moto $ disease Moreover neither the lymphocytes nor the structure of 
the lymph follicles in Hashimotos disease have been shown to differ 
from those encountered less extensively in exophthalmic goiter status 
thymolymphaticus or (still less extensively) in Riedel s struma 

Attempts to show that some microorganism (bacterium nckettsia 
or virus) is consistently present as an etiological agent in cases of 
Riedel s struma or struma lymphomatosa have ended only in failure 
McCarrison (1929) reported that he was able to produce lymph 
adenoid goiter rn rats by a deficient diet confirmation however has 



THYROIDITIS 


269 


not been forthcoming The influence of iodine administration has been 
frequently considered as a possible etiological factor, but few author 
lties at present believe that iodide therapy plays any part in the de 
\elopment of either type of lesion (McSwain and Moore, 1943) Ob- 
scure phy siologic or metabolic factors ha\ e been suggested as significant 
by \anous authors, but m no instance has the relationship of any such 
factor to Hashimoto s disease or Riedel s struma been established 
Graham has expressed the belief that struma lymphomatosa may be an 
early stage in the development of a subsequent lymphosarcoma Still, 
the etiology of Hashimoto s struma remains quite obscure 

As regards the etiology of Riedel s struma, our view is that this 
condition is a vascular rather than a glandular disease, the changes 
progressing from outside the gland rather than from within the organ 
itself (DeCourcy, 1942 see page 247) That is Riedel s struma is be 
lieved to begin with a perithyroiditis which induces constriction of the 
thyroid vessels and associated blood channels The tissues of the thyroid 
respond to this ischemia by the formation of the ligneous tissue charac 
teristic of Riedel s struma 

Further, in our opinion, it is clearly conceivable that Riedel s struma 
should develop as an entity distinct from struma lymphomatosa (as in 
the consensus at present, of course) — but may so dev elop in the same 
patient (as has not been suggested, to our knowledge) — before or 
after, or even simultaneously with, the latter disease It is indeed uni 
versally recognized that the presence of one disease in any organ does 
not necessarily preclude the concurrent or intercurrent development of 
a second (or even a third or fourth) disease For instance, in the thy 
roid itself, carcinoma and myxedema (or, m other cases, exophthalmic 
goiter) may coexist, 1 disease arising before or simultaneously with 
the other, yet quite independently In such manifestations of confused 
pathologies, we believe, is to be found the explanation of the hitherto 
confusing picture of associated extensive fibrosis and extensive lymph 
ocytic infiltration In Riedels struma, the predominant inflammatory 
reaction is fibrosis, in Hashimoto s disease, it is lymphoid overgrowth 

— yet, in many confusing cases, both types of inflammatory reaction 
have been encountered in varying degrees or even apparently equal 
amounts It may be logically pointed out that such confusing findings 

— which have led to still endless discussions on classification — do not 
provide evidence against our views concerning the etiology of Riedel s 
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struma Riedel s struma arises as a distinct entit) — quite independent 
of struma Ij mphomatosa , )et the former ma) develop at an} time 
within the same th>roid m which the latter ma) occur The relative 
amounts of fibrosis and lymphoid infiltration have frequcntl) been re 
ported to var) conspicuous!) from case to case, whether the diagnosis 
was Riedels struma or struma l)mphomatosa such observations have 
been the source of most of the confusion in c!asstf)mg various t)pes 
of tliy roiditis 

In exceptional instances, the conception of independent origins 
must be modified in a ver) minor manner, as follows A pcrith)roiditis 
ma) be produced as a result of a developing struma 1) mphomatosa 
Hence in possibl) rare cases it maj be true that an ischemia produced 
b> Hashimotos disease can give rise to Riedel s struma Again, how 
ever, such a possibility is comprehended b) our conception of the mode 
of origin of Riedel s struma 

In view of the occurrence of struma 1) mphomatosa almost cxclu 
sivel) among females near the time of the menopause, it would seem 
the better part of wisdom to withhold further speculation regarding 
the etiological factors involved It ma) be that the genesis of the con 
dition is as obscure as — and possibl) related to — the profound 
philological phenomena whose interaction and reaction result in the 
manifestation, h) perth) roidism Certainl), h) perth) roidism is a disease 
which affects women in the ratio of about six to one (the ratio, of 
course, depending upon the locality) as compared to the incidence in 
men H) perth) roidism becomes more frequent at the menopause — 
and is characterized b) some degree of Ijmphoqtic infiltration Of 
course, slightly subnormal metabolism is characteristic of struma 
l)mphomatosa — but, as Marine has well expressed the pliability of 
the gland, extremes meet in the th)rotd Indeed h) perth) roidism ma) 
be associated — exceptional!) — with struma 1) mphomatosa (Wo 
mack, 19-11) And, as far as concerns gonadotropic and female sex 
hormones as possible causative factors in this condition, we must not 
forget Grahams belief that the condition of struma ljmphomatosa is 
a stage in the development of a l)mphosarcoma Indeed in view of 
the known complcxit) of endocrine interrelationships, it would seem 
unsafe to rule out the h)pothesis that the adrenal cortical hormones 
(particularl) in their deficienc)) ma) be somehow related to the origin 
of Hashimotos disease 
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The literature discloses that extirpation of the gland has been the 
treatment of choice m cases of struma lymphomatosa Nevertheless, 
the frequently adverse results definitely indicate further consideration 
of the problem of optimal control , myxedema not uncommonly follows 
subtotal thyroidectomy in this condition Also, following thyroidectomy, 
hoarseness is present for many months Renton et al (1938) have 
recommended radiation — when a diagnosis could be established, they 
have reported good results It is our belief that surgery is especially 
indicated when the diagnosis is established and obstructive symptoms 
are obvious 

McChntock and Wright (1937) and Scarcello and Goodale (1941) 
have recorded cases in which no significant change in the microscopic 
picture was observable after 2 years and 13 years, respectively, when 
microscopic studies were possible, in struma lymphomatosa Just such 
determinations, in our opinion, suggest the difficulties in the way of 
future research that would seek to solve the intricate problem of Hashi 
motos disease forthwith 
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CHAPTER IX 


EXOPHTHALMIC GOITER 
(DIFFUSE TOXIC GOITER) 
CAUSATION OF SIGNS AND SYMPTOMS 

T HrRE seems to te a widespread tendcnc) nowadays to base diag 
nosts on the presence of certain characteristic s)mptoms giv ing scant 
attention to the reasons underlying their existence This practice is well 
c emplificd in the cast of exophthalmic goiter 

When a patient who is losing weight in spite of a good appetite is 
found to have a rapid pulse, protruding eyeballs a tremor in the fingers 
and an enlargement in the neck, the average physician concludes Hi 
has the A cardinal symptoms He must have exophthalmic goiter 
Hut, often as not, he does not give a thought to the whj and the where 
fore of these symptoms 

Very few of us ever stop to think of the underlying reason for th 
exophthalmos tachycardia tremor or enlargement in the neck, to the 
explanation for the benefit from Lugol s solution, or to the principles 
controlling the choice between medical and surgical treatment Many 
of thesr questions of course arc unanswerable in the present state of 
our knowledge but that is all the more reason why we should give 
<cnou5 thought to their solution 

The new pages of medicine have not all been w ritten by laboratory 
research workers There is still abundant room for careful clinical oh 
sccvatiocu. based on exact acujtcwwc awi yfyu.oJ.acyc loawUifye And 
exophthalmic goiter is peculiarly a disease adapted to clinical obscoa 
lion inviting all studious physicians to investigate the reasons under 
Ring its complex svmptomatologv 

Roix of Involuntary Nmvous System 
It has been known for years that the clinical signs of exophthalmic 
goiter closely approximate the phenomena produced by stimulation of 
the inferior cervical ssmpathetic ganglia Recently the close relation 
[271} 
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between the involuntary nervous system and the symptoms of exo 
phthalmic goiter has been substantiated by the work of Hyman and 
Kessel These inv estimators have emphasized the fact that the symptoms 
of exophthalmic goiter are identical with those produced in normal 
individuals by suLstances having a strong affinity for the sympathetic 
nervous system, such as epinephrine 

Hyman and Kessel believe that the imoluntary nervous system 
may produce the manifestations of exophthalmic goiter through the 
action of some unknown circulating sympathomimetic toxin Such 
substances, however, have not as yet been isolated, although epinephrine 
is capable of producing these effects Another possibility is the loss 
of some restraining influerce, such as that of the hormones of the 
parathyroid glands or the suprarenal cortex 

According to an old theory it was held that the symptoms of exo 
phthalamic goiter are due to thyroid o ersecretion In this connection 
it is known that feeding with very large quantities of thyroid extrac 
may occasionally produce an incomplete picture of exophthalmic goiter 
As hyperplasia of the thyroid gland occurs regularly m cases of exo 
phthalmic goiter, it would seem logical to attribute the disturbance to 
thyroid hypersecretion Furthermore, the fact that m/xedema which is 
alleged to be the antithesis of Basedow s disease, is recognized to be 
due to a hyposecretion of the thyroid gland ard that the symptoms of 
exophthalmic goiter are relieved by subtotal thyroidectomy would seem 
at first thought to point to an important relation between the quantity 
of thyroid secretion and the existence of the disease 

Nevertheless, the view that the symptoms of Basedow s disease are 
due entirely to thyroid hypersecretion is untenable In the first place, 
they can be brought on only by doses exceeding the secretory capacity 
of the gland, and two of them — exophthalmos and glandular hyper 
plasia — cannot be produced by even very large doses Secondly, the 
hyperplasia is not associated with any increase in the output of the 
thyroid hormone, in fact, the actual storage of this substance is dtmin 
ished Thirdly, the symptoms of myxedema and exophthalmic goiter 
may coexist, showing that the two diseases are not truly antithetic 
Finally, it is not permissible to ascribe all of the benefit of subtotal 
thyroidectomy to the operation itself, as much of it is undoubtedly due 
to the rest before and after operation 

The most likely explanation for the pathogenesis of exophthalmic 
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goiter is that the condition is dependent on a disturbance of the sympa 
thetic nervous sjstem influenced by various sympathomimetic agents 
such as infection psychic upset and some obscure thyrogemc factor 
This h)pothc$!$ is entire!) consistent with our ability to produce the 
symptoms of exophthalmic goiter b) stimulating the inferior cervical 
ganglia 

Chauffard and Girot assert that the first phase of exophthalmic 
goiter is a change in the thyroid gland with subsequent h) perth) roidism 
and that the second phase is a hjpercpincphnnemia from an exaqger 
ated secretion of the suprarenal glands This new would support 
Cannon s theory of the svncrgistic action of the thyroid and suprarenal 
glands 


Tilt Ocular Signs 

Exophthalmos ^ cars aqo Claude Bernard produced protrusion of 
the eyeballs experimentally by electric stimulation of the cervical sympa 
thetic The orbitalis muscle which is supplied by this chain of nerves 
is stretched across the sphenoidal fissure at the apex of the orbital cavity 
Contraction of this muscle following sympathetic stimulation pushes 
the capsule of Tenon and its contents forward thus causing cxophthal 
mos 

Another factor in the production of exophthalmos is a sustained 
contraction of the levator palpebrae superiors muscle which draws 
back the upper lid so as to expose the sclera This action is brought 
about by the contraction of the Mullernn muscle fibers in the lid which 
arc under sympathetic control 

Thyroid overfeeding cannot produce exophthalamos However 
Maurice was able to show a direct relation between this condition and 
overactivity of the suprarenal capsules The conclusion seems well 
founded that protrusion of the eyeballs results from the response of the 
unbalanced involuntarv nervous system to some sympathomimetic sub- 
stance 

Signs of Von Gracfe, Stcllwag and Mocbtus Von Graefc s sign is 
a failure of the upper lid to follow or a lagging behind when the eye 
balls are directed downward The result is that a margin of white sclera 
above the pupil is exposed and there is a widening of the palpebral 
fissure Stcllwag s sum refers to the infrequency of blinking in exo 
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Fig 54 Primacy thyrotoxicosis The smoothness of the 
gland is well shown Exophthalmos is a striking feature 
(From JoII C A Diseases of the Thyroid Gland Lon 
don Wm Heinemann Medical Books Ltd ) 

phthalmic goiter, Moebius sign to a weakness in the consergence 
of the eyeballs, as elicited b) attempts at fixation on the finger held 
nearb) 

All of these ocular signs ma) be produced experimental!) b) stimu 
lation of Muller s muscle also called the tarsal muscle This muscle 
consists of a thin sheet of imoluntar) muscle fibers found m the vicinity 
of the convex borders of the tarsal plates In the upper lids the fibers 
intermingle with those of the levator palpebrae superions their func 
tion, therefore is to retract the e)elid The Mullerian muscles how 
eser, are supplied b) S)mpathetic fibers demed from the cervical sjm 
pathetic chain, whereas, the levator palpebrae superions is innervated 
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by the antagonistic autonomic system through the oculomotor nerve 
It is cntirel) reasonable to suppose that not only the exophthalmos 
but also the Von Gracfc, Stellwag and Moebius signs are caused by 
the action of some sympathomimetic substance like epinephrine on an 
oversensitive sympathetic nervous system 

Tur CAUsr or Tachycardia 

A pulse rate consistent!) above ninety and subject to marked ac 
cclcration following slight exercise or ps)chic influences is one of the 
characteristic features of Basedow s disease 

The tachycardia does not arise from an oversecrction of th>roid 
hormone, as was at one time supposed Marine and Lcnhart, after 
extensive histologic studies on thyroid glands in exophthalmic goiter, 
came to the conclusion that the differences in pulse rate under normal 
conditions and in cases of colloid and of exophthalmic goiter are so 
slight as to suggest no causal relation Kendall has shown that there 
is no tachycardia after the administration of th>roid substance If, 
however amino acids are injected at the same time, the pulse rate is 
grcatl) increased 

The accelerator nerves of the heart, whose function is directl) an 
tagomstic to that of the vagi, arise from the cervical sympathetic 
ganglia Jt has long been known through phj siologic experimentation 
that stimulation of these nerves or the ganglia from which they arise 
produces marked acceleration of the pulse, or converse!) that section 
of them slovss the heart rate to a pronounced degree 

The attacks of tachycardia in exophthalmic goiter are associated 
with the subjective symptoms of sympathicotonia, as described b) 
Cppingcr and Hess The patient is conscious of his heart beat, de 
scribing it as palpitation, he feels as if his heart were up in his throat, 
he reacts with a state of nervous excitement and anxiety , and the func 
tions of the gastro intestinal canal are inhibited 

Most authorities hold that the tachycardia of Basedow s disease 
results from stimulation of the cardto accelerator centers in the cervical 
svmpathetic ganglia by some sympathomimetic substance having an 
action similar to that of epinephrine Thus considered, it is apparent 
that both the cardiac and ocular symptoms may well arise from the 
same or closely related sources 

Cardiac disorders developing during the course of exophthalmic 
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goiter are of frequent occurrence The) ha\ e generall) been attributed 
to tachycardia and overstimulation However, Boas has called attention 
to two hitherto neglected factors as largely responsible for the cardio 
pathy of Basedow s disease 

In the first place, the tremendous dilatation of the vessels of the 
thy roid gland short circuit the blood flowing to the neck and thus in 
crease the load on the heart in the same manner as an arteriovenous 
aneurysm Secondly, the heightened oxygen consumption produces an 
increased minute volume flow of the blood, which may be 25 to 60 
per cent greater than normal In Boas opinion, the increased work 
thus thrown on the heart is the principal cause for cardiac dilatation, 
hypertrophy and decompensation in exophthalmic goiter 

Why the Basal Metabolic Rate Is Increased 
One of the most essential findings in toxic cases of exophthalmic 
goiter is an increase in the basal metabolic rate This explains why 
individuals with this disease may have excellent appetites and never 
theless lose weight 

An important factor m accounting for the increased metabolic rate 
is the increased aeration in the lungs A greater supply of oxygen 
naturally increases oxidation and the height of caloric consumption 
We have long known that epinephrine relieves asthmatic seizures by 
relaxing the involuntary musculature of the lungs and bronchi This 
result is accomplished by sympathetic stimulation Thus the sympa 
thetic nerves of the respiratory system, when stimulated, greatly in 
crease the breathing capacity and may m this way account in large 
measure for the increased basal metabolic rate 

It must be admitted that an increased secretion of thy rotd hormone 
may directly heighten the basal metabolism This factor probably plays 
a part in some cases However, as the output of thy roxin may be normal 
or diminished in toxic cases of exophthalmic goiter, we cannot attribute 
the metabolic change solely to the thyroid hormone 

As is well known, very high basal metabolic readings, amounting to 
as much as 50 to 90 per cent above normal, may be obtained m cases 
of exophthalmic goiter with toxic effects Feinblatt and Bggerth have 
pointed out that there is usually a direct proportion betw een the basal 
metabolic and the basal pulse rate This, in itself, would indicate that 
these two symptoms have a common origin 
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Origin of the Tremor 

A fine rapid tremor, best observed in the outstretched and separated 
fingers, is one of the cardinal sunptoms of exophthalmic goiter In 
severe cases, this tremor may affect all the muscles of the bod) 

At first thought it may seem difficult to explain a tremor in volun 
tar) muscle on the basis of sympathetic stimulation But Langley has 
shown that all voluntary muscles have a definite sympathetic nerve 
supply In fact, tonus in voluntary muscles is largely the result of a 
steady influx of stimuli through the sympathetic fibers in the peri 
pheral nerves and the gray and white rami of the spinal roots, whereas 
voluntary movements result from impulses descending through the 
medullatcd fibers Thus considered, the tremor of exophthalmic goiter 
is really a disturbance of muscle tonus, resulting from overstimulation 
of the sympathetic innervation And again we revert to the common 
cause for the symptoms of exophthalmic goiter, namely, stimulation 
of the sympathetic nervous svstem by some unknown circulating 
sy mpa thomimt t ic toxin 

Vasomotor Sv mptoms 

Vasomotor symptoms especially of the face, are common in exo 
phthalmic goiter Such patients flush on slight excitement and a throb 
btng of the arteries of the head and neck is sometimes observed fx 
amming the fundus oculi one frequently detects a distinct pulsation 
of the branches of the artcria centralis retinae Another common 
vasomotor symptom is profuse sweating, usually on the face, it may 
be unilateral or bilateral 

The vasomotor symptoms obviously arise from sympathetic irri 
tition They may Le reproduced experimentally by stimulating the ccr 
vical sympathetic nerves Vasomotor symptoms in the extremities have 
a cfosefy associated origin, as has teen shown by Scott 

Gastro Intestinal Sv mftoms 

Reference has already been made to the most pronounced 3luncn 
tan symptoms of exophthalmic goiter, namely, progressive loss of 
weight in spite of an excellent appetite Tins condition, as has teen 
pointed out, is a direct result of the increased basal metabolism 

The most striking symptoms directly referable to the digestive tract 
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are vomiting and diarrhea However, they usually occur only late in 
the disease and are probabl) secondary to disturbance of the vaso- 
motor centers 

The flow of saliva may be increased, more rarely there is dryness 
of the mouth The increased flow of saliva results from an overactivity 
of the nerves supplying the salivary glands Ordinarily the acidity of 
the gastric juice is reduced 

Symptoms Referable to the Thyroid Gland 
Enlargement of the thyroid gland is the rule in exophthalmic goiter, 
although this condition is not invariably present Pathologic examina 
tions have shown that the enlargement is due to hyperplasia of all the 
elements of the glandular structure but that the storage of colloid ma 
tenal, iodine and thyroxin is actually diminished 

The bruit heard over the thyroid gland in cases of exophthalmic 
goiter may be accounted for by the close proximity of the goiter to 
the common carotid artery Since the goiter presses upon the vessel so 
as to narrow its lumen, the mechanical conditions are such as to favor 
the production of a murmur, that is, the blood rushing through the 
narrowed lumen suddenly pours into the wider vessel beyond the limits 
of the goiter, thus giving rise to the eddying currents which cause the 
murmur 

The consistency of the enlarged gland is an important factor de 
terminmg the presence or absence of a bruit Adenomatous glands, 
being freely movable, ride upon the carotid artery without constricting 
it, therefore, no bruit is produced The hyperplastic gland of exo- 
phthalmic goiter, on the other hand is fixed and necessarily constricts 
the artery These pathologic conditions account for the frequency 
of a bruit o\er the thyroid gland in cases of exophthalmic goiter and 
its infrequency in cases of adenomatous goiter It has been observed that, 
as the consistency of the goiter is diminished by the administration of 
Lugol s solution, the bruit gradually disappears 

It is interesting to note that filaments of the sympathetic nerves 
encircle the inferior thyroid arteries If, for any reason, there is an 
increase in the diameter of these vessels, irritation of the cervical 
sympathetic ganglia may result from this source This irritation may, 
in turn, stimulate the heart The increased force of the heart beat 
then increases the diameter of the inferior thyroid arteries still further. 
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thus again increasing the tug on the sympathetic nerves and setting 
up a vicious circle (McClintock) 

Considering al! the available evidence, we must give great weight 
to the view that most, if not all, the $>mptoms of exophthalmic goiter 
result from irritation of the sjmpathetic nerves These symptoms ma) 
be produced experimental!) b) sjmpathetic stimulation And it appears 
probable that an instability of the sjmpathetic nervous sjstcm, m con 
junction vvith the presence of some unknown sjmpathomimetic toxin, 
ma) explain the complex sjmptomatologj of Basedow's disease 

As Lieb, Hjman and Kessel have demonstrated, 'autonomic im 
balance presents all the sjmptoms of exophthalmic goiter with the 
single exception of the increased basal metabolic rate Furthermore, the 
majorit) of patients give a historj past or present, of autonomic im 
balance and the actual transition from autonomic imbalance to exo 
phthalmic goiter has been observed 

The under!) ing cause of the disturbance of the sjmpathetic nervous 
sjstcm and the nature of the sjmpathomimetic toxin arc still unknown 
The disorder maj be initiated bj emotional states, such as fright, vvorrj 
or shock, bj sjstemic infections or localized foci, particular!) focal 
infection in the rhinopharjngeal tract, bj toxemias of an) kind, bj too 
quick a return to normal activities after debilitating diseases, such as 
influenza, bj fault) diet, b) pressure on the cervical sjmpathetic nerves 
from an enlarged colloid or adenomatous goiter, or b) various other 
causes 
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THE THYROID GLAND IN LATER LIFE 

AS TttC GENERAL population has aged during the past several decades 
JLX. we have encountered increasing numbers of patients m the higher 
age groups and all aspects of geriatrics have been brought into promi 
ncnce as never before in the histor) of medical science Not onl) the 
clinical problems involved in the treatment of the older patient but 
also the fundamental problems of gcrontolog), the science of senes 
fence, arc now attracting vastl) increased attention and right!) so 
As is well known the endocrine glands — because of their profound 
influences upon phjsiolog} and even morpholog) throughout the life 
span — have inspired more extensive investigations than have an) other 
organs in the research upon the factors involved in the processes of 
normal and pathological aging Man) investigators have been particu 
lari) interested in the relationship of the th) roid gland to senescence 
and the onset of seniht), as pointed out b) Carlson (1912) Kruger 
and Rosenkrantz (1912), Hcrtzler (1912) and Goldzichcr (1916) 
A number of authorities have noted the striking similarities between the 
picture of old age and that of marked h)pofunction of the th)roid 
gland reduced metabolic rate lack of vigor, dr) and scant) hair, dr) 
skin of lowered vitalit), sensitiv it> to cold and diminished mental 
initiative and capacit) Hertzlcr (1912) has stated categorical!) A 
min is as old as the colloid in his th)roid gland He also expressed 
the belief that, in advanced )ears the th)roid gland is obviousl) in 
capable of performing its normal function and therefore follows the 
th)mus into retirement Apparcntl) because of the secretion of some 
undetermined toxic factor, according to Hcrtzler, it maj be that in later 
life the tli) roid hastens the onset of cardiac difficulties and other fea 
(tires of seniht ) In this connection it is interesting to note that 
Vogcler (1929), in an isolated stud) which does not seem to have been 
followed up adopted as his criterion of the activit) of the th)roid 
the minimum quantity of dried powdered gland which would bring 
about transformation of tadpoles Vogelcr thus obtained evidence of 
a slight increase in the activity of the th)roid in old men as compared 

f 2S4 ] 
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to the activity of the gland in middle age, in old women there was 
apparently no decrease or detectable increase in the activity of the 
gland as determined by this method Carlson (1942) has summarized, 
at considerable length, the evidence for and against the Mew that 
the thjroid gland is involved as a basic factor in the aging process 
In his fascinating discussion of the problem, Carlson reached no definite 
conclusion and stressed the need for more research, he did remark, 
however, that, in any consideration of the nature and causes of senes 
cence, the influence of the thyroid gland must be regarded as of funda 
mental importance Certainly, we would like to emphasize, dysfunction 
of the gland — whether hypofunction or hyperfunction — markedty 
promotes the onset of senility And the characteristic changes in the 
physiology and histology of the thyroid during the latter part of the 
life span involve problems of the profoundest nature m gerontolog) 
It is true that, whereas evidence of hypofunction of the thyroid 
gland has been reported in instances of precocious senility, rarely has 
an) amelioration of the symptoms of senility resulted from th)roid 
medication — and then, presumably, onl) when there was definite 
hypothyroidism In such instances, however, we must remember that 
another factor is probably concerned general tissue reaction to hor 
monal influence When d>sfunction of the tb)roid has existed for any 
considerable length of time, as the years pass the capacity of the aging 
tissues to respond to thyroid hormone must change Further, in the 
later years of life the vital reserves of the body have markedty dimin 
ished and it ma) be decidedly inadvisable to attempt to stimulate 
metabolism by thyroid medication In hypothyroidism of advanced 
years there has been a decrease in the mass movement of the blood 
a slower heart action has eventuated, along with absence of peripheral 
dilatation and a decreased stroke volume of the heart Any stimulation 
may be overstimulation Experience with geriatric patients has indi 
cated, according to Goldzieher The decreased activity of thyroid 
and consequent hypometafcohsm of the aged rank high among the 
protective devices of nature Still, we must not forget that the de 
velopment of hypothyroidism has not been shown to be a definite and 
necessary phase of the process of aging Carlson has spoken of the 
reserves of functional capacity in the thyroid gland, even in old 
age Moreover, hyperthyroidism is frequently encountered in elderly 
patients — and would be more often diagnosed correctly if it were 
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not masked bj common degenerate c disorders of advanced life The 
lifelong influences of the thyroid gland and especially of its periods 
of hypofunction and hyperfunction must be recognized as undeter 
mined, and, probably, for a long time undeterminable 

Changes in Later Life 

Clerc (1912) noted the following changes in the thyroid glands of 
persons past 50 years of age degeneration of epithelial cells (with fat 
and pigment present in them), a concentration or solidification of the 
colloid, variable increase in the connective tissue within the gland 
Cooper (1925) studied the histology of the human endocrine organs 
at various ages and found that in older individuals the thyroid gland 
is reduced in size, the follicles and cells are smaller, the colloid is less 
dense than in youth and may be absent, and the amount of connective 
tissue is increased Hinton (1931) studied the thyroid glands of 80 
individuals dying from accidental causes, their ages ranged from a 
few hours (newborn) to 89 years, but there were only 2 cases in which 
the age was greater than 60 years This investigator was impressed 
by the variability of the changes in the gland as age increased, and re 
marked So far we have been unable to draw conclusions as to what 
is normal thyroid tissue for different ages In 1933, Doghotti and 
Nizzi Nuti examined the thyroid glands of 53 individuals, 9 of whom 
were 70 years of age or older These workers also noted that in later 
life the follicles are smaller and that there is a decrease in the quantity 
of colloid, but they believed that there was an increase in the volume 
of the epithelial cells, with an associated increase in the content of 
granules Doghotti and Nizzi Nuti concluded that in old age there is 
actually an increase m the activity of the thyroid gland In 1935, these 
investigators reported further studies of the aging thyroid gland, in 
50 aged subjects, they observed no marked increase in the connective 
tissue of the gland in individuals past middle life and expressed the 
belief that regressive and degenerative changes generally regarded as 
characteristic of senescent glands are to be found in thyroids at any 
age, provided the cause of death has been a severe infection or ex 
hausting disease In the opinion of Doghotti and Nizzi Nuti, in old 
age there is a compensatory hyperfunction of the thyroid gland, as 
indicated by evidences of epithelial proliferation and a sparse content 
of colloid within the follicles in many of their specimens 
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Allara (1934), likewise studying human material, detected a 
coarsening of the reticular fibrils and evidence of some transformation 
of reticulum into collagen in the thyroid gland as age advances Such 
changes are, of course, characteristic of senescence in other organs and 
tissues of the bod) Allara found a marked increase in elastic tissue 
in the capsule and septa of the th)roid but no increase in the col 
iagenous fibers, the cellulanty of the stroma was greatl) diminished 

In 1938, Rice expressed the belief that definite criteria for ascer 
taming the normal condition of the thyroid gland at any age can be 
established, he emphasized the increase in mterfolhcular connective 
tissue and in mterfolhcular groups of epithelial cells Nolan (1938) 
analyzed the results of 725 autopsies and observed that, as age in 
creases, fibrosis of the thyroid is more frequently encountered, also 
with increasing age, there is a decrease in the percentage of normal 
thy roid glands at a given age 

Garau (1938) reported epithelial hypertrophy and a very thin 
colloid to be commonly observable in the thyroid gland of aged mdi 
viduals, and, like Dogliotti and Nizzi Nuti reached the conclusion 
that these findings are evidences of compensatory hyperfunction, this 
increased activity, in his opinion, resulted from degeneration of the 
follicles in the portions of the gland in which there was an overgrowth 
of connective tissue Ghigi and Reggiani (1939) found varying de 
grees of increase in connective tissue and an increase in the interacinar 
masses of epithelial cells, thus confirming the findings of a number of 
other workers Furthermore, according to Ghigi and Reggiani, in later 
life there is a tendency toward a stabilized condition of the thyroid 
gland, which then has numerous large follicles with colloide statica 
and a lining of squamous epithelium 

In 1939 and 1942, Hertzler summarized the results of his studies 
on the thyroid gland in advanced years He regarded the following 
changes as characteristic and also frankly regressn e an increase in the 
basophilic properties of the colloid, abortive attempts of the follicles 
to reproduce, and increase in connective tissue He noted that the 
firmer consistenq and whiter color of the capsule of the gland in 
advanced age are evidences of sclerosis which ate disclosed by gross in 
spection Histological examination of sections reveals fibrotic areas, 
with distinct fibrous bands Hertzler stressed the significance of the 
presence of hyaloid connective tissue — not merely indicative of 
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advancing years but suggesting more than an orderl) retreat In 
fact, according to Hertzler, the overgrowth of connective tissue ma) 
compress man) acini and obliterate their lumen so that the picture of 
a carcinoma is simulated at certain sites within the gland This author 
it) made the important point that the increase m the connective tissue 
maj be a secondary replacement process the primary change taking 
place in the acini, the notable degeneration of the acini ma) be evidence 
favoring such a Mew (This consideration has been discussed at some 
length more recentl) b) Lansing and Wolfe (1911) in their report on 
the senescence of the thyroid gland in female rats ) Herztler believed 
that the flat and irregular cells of the great majority of acini are 
obuousl) inactive and in certain areas are altogether defective 
Certain other areas within the senescent or senile gland present cells 
which are remindful of those found in Hashimotos disease, the C)to 
plasm being granular or, at times foamy According to Hertzler, those 
areas which suggest compensator) hyperplasia may actually represent 
a pathological development of thyroid tissue whose general effects 
on the bod) are decidedly toxic But it is the colloid whose changes are 
most significant in old age, Hertzler reiterated Its basophilic staining 
properties, vacuolization, granutation and shrinkage are indicative of 
loss of acinar function and general degeneration of the gland It is 
of great interest to note that Hertzler concluded There is no other 
organ of the body which shows such early and extensive degenerative 
changes as does the thyroid gland 

Korenchevsky (1912), in his review of the natural relative hypo 
plasia of organs and the process of aging recorded the findings sup- 
porting the view that the thyroid gland and the heart, in contrast with 
all other organs of the body exhibit a characteristic increase in size 
as age increases up to the age of seventy when a decrease in size 
sets in It may be, however that a significant percentage of goitrous 
or otherwise abnormal thyroid glands were included m the studies 
upon which Korenchevsky based Ins conclusions It would seem that 
further investigation v ill be required to establish whether or not there 
is an actual increase in the size of the normal gland up to the age of 
seventy years 

Recent studies on animals have tended to confirm many of the 
gerontological findings made in researches on human thyroid glands 
Thus according to Andrew and Andrew (1912) in senility there is a 
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definitely regressive process, a true histological involution, of the th> 
roid gland, the connective tissue increases greatl), often to such an 
extent that the follicles maj appear to be merely islands in proliferat 
ing fibrous material Andrew and Andrew agreed with Garau that 
interacinar collections of epithelial cells in the senile gland represent 
degenerate follicles, which are no longer capable of secretion and have 
been forced into mere clumps of cells by the overgrowth of connective 
tissue These workers also found distinct evidences of degenerating 
colloid very thin, fluid, poorl) staining colloid in man) follicles, very 
solid appearing colloid in other follicles, and split or vacuolated colloid 
in still others Andrew and Andrew regarded these findings as indica 
tive of a more static condition of the gland, secretion being over 
balanced b) reabsorption, both processes proceeding less rapidl) than 
in joung glands 

Lansing and Wolfe (1944) observed a coarsening of the reticular 
fibrils separating the epithelium from the capillaries and an increase 
in the number of these fibrils, the interfollicular connective tissue like 
wise becomes coarser and thicker These workers found, further, that, 
with advancing age the size of the follicles increases the epithelium 
becomes flattened and the staining reaction of the colloid shifts from 
gra) to rose, when silver impregnation technique is emplojed 

Goldzieher (1946) remarked that such changes as diminished size 
of the thyroid gland in advanced age, a decrease in the number of cells 
as well as their size, increase of connective tissue and thickening of 
the collagenous fibrils (le, sclerosis of the stroma) are t)pical of 
senescence in all organs of the bod) Also, the assumption is justified 
that, w.b.'.le tive cells, dectea.</t y?. satc, tb/tvc funCtuaa 
descends to a lower level 

Hypometabolism in Later Life 
The basal heat production tends to decrease in human beings after 
the age of fort) )ear$ (Benedict, 1935, Boothb) and Sandiford, 1922 
Lewis, 1938, DuBois, 1937), and authorities generall) have attributed 
this decrease in basal metabolic rate to the involutionar) changes in the 
th)roid gland in later life which have been recorded b) Clerc, Cooper, 
McOrnson, Hertzler and other workers As Carlson (1942) and 
Bruger and Kosenkrantz (1942) have stated, undoubted!) other fac 
tors than decreased actmt) of the th)roid gland pla) roles in this 
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decreased heat production Bruner and Rosenkrantz have attempted to 
correlate the advent of arteriosclerosis with decreased activity of the 
thyroid gland, and found that the incidence of hypometabohsm in 
subjects 55 years of age or older is greater for those exhibiting arterio 
sclerosis than for those without arteriosclerotic manifestations Con 
sidcrable evidence indicating some relationship between reduced ac- 
tivity of the thyroid gland and the development of atherosclerosis has 
been forthcoming from observations on animals Anitschkow (1913) 
showed that the feeding of diets high in cholesterol will frequently 
result in the development of atherosclerosis of the aorta in rabbits 
Tins finding has been repeatedly confirmed and the degree of athero 
sclerosis so produced has been found in general to correspond to the 
elevation in blood cholesterol In man, atherosclerosis is not seldom en 
countered in diabetes melhtus, nephrosis, lipoid granulomatosis, hyper 
cholcsteremic xanthomatosis, and myxedema, hence there would seem 
to be some relationship between hypercholesteremia in human beings 
and this vascular lesion although extensive studies have not served to 
clarify the problem Some antagonism has been found to exist between 
the thyroid gland and the susceptibility of the vascular tree to lipoid 
infiltration Potassium iodide, thy raid substance or thyroxin admmistra 
tion inhibit the development of atherosclerosis in animals fed diets 
high in cholesterol (Liebig, 1931, 1931, Seel and Creuzberg, 1931, 
Turner, 1933, Page, 1935) Although a hypofunctioning thyroid gland 
may promote the deposition of cholesterol in the walls of the blood 
vessels, as Bruger and Rosenkrantz have remarked, the arterial disease 
may be primary and be the cause rather than the effect of a diminution 
in activity of the thyroid Bruger and Rosenkrantz used the basal me 
tabolic rate as an index of the functional capacity of the thyroid gland 
in their subjects, but this decrease m basaf metabolic rate has not yet 
been definitely proved to result from decreased activity of the gland 
Diminished food intake or the eating of certain diets modifies or im 
pairs thyroid function (McCarnson, 1925, Marine et al , 1925), in 
fact, studies along this line first disclosed the value of thiouracil and 
other goitrogenic substances in the treatment of certain types of hyper 
thy roidism 

Tor the present at least, we may with apparent logic assume that 
not only is the reduction in thyroid activity a general though by no 
means universal manifestation of advanced age, but also this slowing 
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down of activity is an intrinsic feature of senescence rather than merely 
one of the sequelae of the processes of aging Furthermore, the evidence 
already at hand would seem to be sufficient to indicate some basic re 
lationship between thyroid activity and the onset of atherosclerosis and 
arteriosclerosis, whatever the primary factors in the relationship And 
so, after a review of present knowledge regarding these problems — as 
little as this knowledge indeed is — we may state confidently that 
future research w ill bring to light phases of thyroid activity which are 
of the first moment not only to gerontology but to the clinical practice 
of geriatrics Degeneration of the thyroid contributes substantially to 
the progressive ravages of advanced age, all the tissues of the body 
being affected because of their dependence upon the stimulation of 
thyroid hormone — of this fact we can be sure while awaiting the out 
come of present and future investigations 

Hypothyroidism in the Elderlv Patient 
The reduction of the basal metabolic rate in elderly individuals 
may in certain instances be great enough to suggest marked hypofunc 
tion of the thyroid gland In addition, the skin may be dry, the men 
tation sluggish, and bradycardia may be present Nevertheless, the 
therapeutic use of thyroid substance will almost always be found to 
be contraindicated m such cases The effects of stimulation of oxygen 
consumption, metabolism and general tissue activity must be carefully 
considered The elderly patient usually has greatly diminished vita! 
reserves, the complete economy of the body has been markedly altered 
from the condition of youth Cardiovascular disease is frequently ad 
vanced, the patient with a failing heart and arteriosclerosis would not 
be expected to fare well when stimulated by administration of thyroid 
substance In the aged, not just one but several of the common degener 
ative diseases of the higher decades of life may have insidiously de 
v eloped Under such conditions, treatment of hyperthyroidism may be 
decidedly inadvisable 

Hv PERTHYROIDISM IN THT AGED 
In recent years, increasing attention has been given to hyperthyroid 
ism in the older individual, and it is now widely recognized that the 
condition is not infrequent among the elderly The diagnosis may be 
missed because of the earlier teaching that toxic goiter is a disease of 
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the young and the middle aged, and the clinician mi) not at first 
consider the possibility More important, however, is the fact that 
the symptoms of hyperthyroidism in the older patient 3re often dif 
ferent from those encountered in the young The hyperthyroidism may 
be of the 'apathetic type, with the basal metabolic rate showing only 
a slight or seemmgl) insignificant elevation, in some elderly patients 
with masked hy perth) roidism, the basal metabolism ma) be quite 
within the normal range The older patient with h) perth) roid ism is 
frequentl) not stimulated to the degree that a )oungcr patient usuall) 
is This ma) be the result of aging of the peripheral tissues, or the 
result of prolonged stimulation of the tissues b) the hyperactive th) 
roid, or other factors even more obscure ma) be involved The presence 
of degenerative disease in the elderl) patient not seldom masks the 
h) perth) roidism, and, conversely, the expectation of finding other con 
ditions than hy perth) roidism may lead to erroneous diagnosis of heart 
trouble, gastrointestinal malignancy, senile psychosis, Parkinsonism, 
and neurocirculatory asthenia 

The sex incidence of Graves disease m individuals past 50 years 
of age has been found to differ markedly from the sex incidence of the 
condition in a group of )Ounger patients Mora and Greene (1931), 
m a study of 200 cases of thyrotoxicosis in individuals 50 years of age 
and older, found that the ratio of male patients to females was 2 5 to 1 
Pram (1938) reported that, in his scries of 322 cases of patients past 
50, the sex incidence was approximately 2 to 1, in his experience, 
the sex incidence of Graves disease in young adults had been approxi 
matcly 5 to 1, and in children about 20 to 1 It would seem that the 
older the patients the closer the approach to parity of sex incidence 
In the male, the syndrome appears to develop a decade or more later 
than in the female In the series of Mora and Greene, 65 5 per cent of 
the patients with thyrotoxicosis had diffuse hyperplastic goiters and the 
remainder had nodular goiters These clinicians stated that, on the 
average. Id 5 years had intervened between the development of the 
goiter and the appearance of symptoms Cnle (1938) reported that as 
a rule in patients more than 70 years of age the goiter is adenomatous 
Bram found that the duration of symptoms as stated by patients past 
50 years of age was much greater than in the younger patient, further, 
the average patient more than 50 years old presented evidence of cir 
culatory insult indicative of years of suffering It also seems to Bram 
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that, while the majont) o£ patients thought the inception of the dis 
ease had occurred within 3 or 4 years of their applying for treat 
ment, nevertheless the actual duration of the condition had been much 
greater these patients rarel) seek medical attention until the syn 
drome has made inroads into the sense of w ell being and capacity to 
work In these cases, Bram observed, the thyroid is generally enlarged 
though moderately, and in about one third of the series inspection re 
vealed no swelling, deep palpation, however, disclosed in most cases an 
increase in size sufficient to w arrant the application of the term goiter 
Occasionally the symptoms were indicative of marked toxicity whereas 
the thyroid was not at all enlarged Thus, as other workers have noted 
there may be no correlation between the size of the thyroid gland and 
the severity of the symptoms The basic pathology in most of Brams 
cases was hyperplasia, but adenomatous, fibrous, and even cystic changes 
were encountered rather frequently 

Hendrick (1941) observed that the majority of patients over 60 
years of age who suffer from hyperthyroidism have adenomatous 
goiters, the findings of other workers have been in general agreement 
(see page 292) Plummer has found that adenomatous goiter is com 
monly present some 15 to 17 years before toxicity develops, mdis 
criminate use of iodine may be expected to hasten the process In 
Hendrick s cases some of the adenomatous goiters were large Pa 
tients who had received iodine during a lengthy period had thyroid 
glands whose hardness suggested a malignancy Hendrick found that 
a definite goiter was present in every patient more than 60 years of 
age Intrathoracic extensions were noted in a few instances, Bram re 
ported a similar finding in hts group of patients past age 50 but em 
phasized that any tendency for the gland to gravitate substernally is 
exceptional 

All observers have remarked the variety and frequent obscurity of 
the symptoms of hyperthyroidism m the elderly patient The lower 
degree of stimulation in the elderly thyrotoxic patient may often stand 
in the way of early diagnosis Thus, the basal metabolic rate may not 
be an indication of the true condition The size of the gland may be 
but slightly greater than normal The most frequent symptom seems 
to be weight loss, but obviously any one of a great number of disorders 
might be assumed to be involved rather than hyperthyroidism The 
weight loss varies from a few pounds to about one half the weight of 
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the patient before the onset of the disease The appetite maj be ex 
ccssive or it may be poor, depending upon the individual patient Cir 
culatorj disorders are generall) present along with the hyperthyroidism 
and, again diagnosis may be difficult Cardiac complaints, with pal 
pitation and weakness on exertion, anginal symptoms and auricular 
fibrillation, as well as rapid heart action are frequently encountered in 
these cases most elderly patients have some degree of arteriosclerosis 
Certainly these symptoms are not distinctive Mental confusion or a 
psychosis may be attributed to senile changes in the brain Tremor may 
be ascribed to some affection of the nervous system The eye findings 
are by no means constant, only a small percentage of patients show 
exophthalmos and these cases almost invariably have a history of 
earlier development of exophthalmic goiter this condition having 
eventually resulted in what Hertzler has termed burned out mdivid 
uals The apathetic or nonactiv ated case does not show stare, w hich 
may be present occasionally in the activated type of patient Conse 
quently, in many cases of hyperthyroidism in the elderly, the correct 
diagnosis may be forthcoming only after careful and perhaps somewhat 
prolonged study of the whole syndrome To be sure, in many other 
cases, diagnosis of thyrotoxicosis m the aged may be simple, it must 
not be assumed from the foregoing that a considerable percentage of 
hypcrthyroid patients in the^upper age groups do not manifest all 
of the typical symptoms of the condition as encountered in younger 
individuals Emphasis has been placed upon the atypical because of 
the frequency with which diagnosis has been missed in the past' — 
largely because of the failure of the clinician to consider the possibility 
of masked hyperthyroidism in the aged, who present a great variety of 
complaints and disorders 

Treatment of Thvrotoxicosis in Tur ELDriav 
Patients in the upper age brackets have suffered great diminution 
in their reserves of vital capacity, their physiology has undergone re 
gressive alterations and is now on a much lower plane than in youth 
their biochemistry has been changed, and their reactions to drugs and 
to trauma (as of operation) are often far different from what they 
were earlier in life These facts we must keep in the forefront of our 
minds when we contemplate the wisest therapeutic measures to be 
applied in cases of elderly patients with thyrotoxicosis Degenerative 
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diseases may be so far advanced that surgery may be contraindicated, 
and only conservative measures may be applicable Cnle (1938) re 
ported that patients past 70 years of age and suffering from thyro 
toxicosis may react well to thyroidectomy but postoperative comphca 
tions are common, in one group of patients the mortality as a result 
of complications was as high as "21 per cent In selected cases, Crile 
recommended m this earlier report thyroidectomy may be performed 
in stages, under local anesthesia, otherwise, for the thyrotoxic patient 
past the age of 70, conservative measures are advisable In a later report 
(1940), Crile and Crile again emphasized the risks of operation m the 
elderly, in whom the basic processes of metabolism are frequently de 
ranged and the mechanisms by which the disorder can be corrected have 
been damaged to such an extent that they cannot meet the demands 
resulting from surgery Hence a general metabolic breakdown with 
liver failure, uremia, delirium or a terminal pneumonia may follow 
operations performed with the usual techniques, preoperative, opera 
tive and postoperative Similar cautions have been expressed by most 
surgeons with experience in dealing with geriatric patients (Hendrick, 
1941, Cattell, 1941) Eight patients out of Hendricks senes of 80 
did not respond sufficiently to medical management to encourage sur 
gical interference and all of the 8 died within a few months, these 
cases were distinguished by advanced cardiac damage Most of the 
other patients required meticulous preoperative care because of the 
coexistence of hyperthyroidism and one or more of the following 
conditions rheumatic heart, generalized arteriosclerosis, impaired 
renal function, prostatic hypertrophy with retention Such comphca 
tions frequently indicated the advisability of stage operations, but 
with the hest care, the operative mortality in Hendricks group ot 
patients past 60 years of age was 5 5 per cent (as contrasted with an 
operative mortality of 1 2 per cent in a large group of patients whose 
ages were below 60 years) Mora and Greene recorded 6 fatalities 
after thyroidectomy in their series of 200 cases aged more than 50 
years, whereas in 860 cases below that age there had been but 1 
death 

There are several factors which must be stressed as of the utmost 
importance in relation to thyroidectomy in the elderly or geriatric pa 
tient Many thyrotoxic patients have become iodine fast, the admmis 
tration of thiouracil may seem indicated in such cases to facilitate 
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preoperative management and preparation Ne\ ertheless, the risks in 
volved in the administration of thiouracil to patients with adenomatous 
goiters maj be serious unless thyroidectomy is to be total, as alread) 
pointed out in a previous section (page 158) The administration of 10 
dine in iodine fast cases may be counted upon to provide the desired mar 
gin of safety at operation Further, even in so called normal individuals 
past the age of 60 to 70 years, the common tests of liver function and 
kidne) function often do not serve to indicate the degree of impair 
ment of function The possibility of liver failure or kidne) failure 
must be carefull) taken into account It is well known that anes 
thetics m general have a toxic effect upon the liver, and in the aged 
the reserves of liver function have been lowered to what must be re 
garded as a dangerous extent Two or 3 days after operation, confusion 
or delirium may ensue — as an indication of liver failure when the 
febrile reaction to thyroidectomy may be subsiding Some evidence of 
jaundice is usually also seen in such cases, such as increased pallor 
visible jaundice, and a rise in the icterus index Preoperative diet 
(page 306) and postoperative diet (page 306) are therefore of out 
standing importance in thyroidectomy in cases of elderly patients, the 
reserves of the liver must be built up to the maximum extent possible 

Another great danger is that of a suddenly developing pneumonia, 
early symptoms must be watched for, and the administration of pern 
cillin or the indicated sulfonamide should be considered immediately 

Whenever possible in operations upon the geriatric patient, the use 
of a local anesthetic is preferable to general anesthesia Geriatrists 
generally have recognized the willingness and ability of the aged pa 
tient to undergo some additional inconvenience or distress to avoid 
the dangers involved in the employment of general anesthesia Local 
anesthesia, o f course, reduces "die dram open die reserves of die Vrm 
and as a rule does not weaken the other vital organs so much as does 
the use of a general anesthetic 

The elderly patient, moreover, reacts differently to sedatives than 
does the younger patient Mental confusion frequently follows the 
administration of a barbiturate to the patient past 70 years of age 
Such (slight or great) mental confusion may serve to obscure the onset 
of liver failure Morphine is far more of a depressant in advanced 
years and should be used only in minimum dosage and with the greatest 
caution 
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Finally, unless we are sure that the condition of the elderly patient 
is sufficiently ameliorated by preoperative care, we should hesitate to 
operate The patient may show marked!) exacerbated symptoms of 
hyperthyroidism despite optimum care, and we raaj at first think that 
operation is imperative as an emergency measure Nevertheless, ex 
perience has demonstrated the wisdom of u aiting And in the mean 
time, roentgen therapy may serve to effect sufficient amelioration so 
that, in the course of a fgw weeks, surgical interference may be carried 
out, a maximum margin of safety having been attained 
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CHAPTER XI 


PREOPERATIVE CONSIDERATIONS 

W ithin the past decade, preoperative treatment of the th)ro 
toxic patient has been improved immeasurably and the resultant 
striking reduction in operative and postoperative mortalit) has induced 
the establishment of an almost standardized system of preoperativc 
measures whose value is now unquestionable Of course, m the \arious 
clinics there will be found minor variations in preoperatise treatment 
but there is universal recognition of the significance and indispensabilit) 
of adequate rest, tactful control of ps>chic factors, optimal diet, ade 
quate medication with iodine or thiouracil (or prop>lthiouracil) or 
both, adequate treatment of complicating disorders and wise timing 
of the operation with due regard to reduction in basal metabolic rate 
and to amelioration of other signs and symptoms of the toxicosis It is 
almost universally realized that the cardiac patient and the elder!) 
ma) in a large percentage of cases Le placed under an excessive opcr 
ative load when a bilateral thyroidectom) is performed, in such cases 
and in other cases which remain a poor risk despite optimal preoper 
ative management, a two stage operation will usually be indicated 
The surgeon who has dealt with large numbers of thyroid patients has 
learned how to avoid thyroid crisis in almost all cases, nevertheless, in 
the poor risk patient, the danger of thyroid storm remains ever present 
Thyroid crisis may occur when least expected The incidence of such 
severe reactions can be kept at a minimum only when all prophylactic 
measures have been meticulously applied As results have proved the 
great safeguard against thyroid crisis is optimal management of the 
patient before operation — although to be sure, postoperative care as 
well as careful attention to the reactions of the patient during anes 
thcsia and operation must also be regarded as of vital importance The 
patient whose genera! condition has been brought as nearly to normal 
as possible and whose vital reserves have been increased to the maxi 
mum will withstand the strain of operation with the maximum margin 
of safety In thyroid surgery, gratifying end results are attained when 
[joo] 
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the experienced judgment and shill of the endocrinologist, internist 
and cardiologist have assured the surgeon that operability has been 
brought to the highest possible level Preoperatue preparation of the 
patient is, of course, supervised b) the surgeon, who mahes the de 
cision as to the optimal time for operation and upon whose knowledge 
and deftness the wellbeing of the patient depend in the ultimate 
analysis 


Study of the Patient 

The study of the patient should include (l) careful eliciting of 
the htstocy., (2) complete physical examination, (3) determination of 
the size, consistency, and mobility or fixation of the thyroid gland, 
(4) cardiac examination to detect possible signs of congests e heart 
failure, coronary occlusion, or angina pectoris, (5) laryngeal examina 
tion, (6) repeated basal metabolism readings , and (7) other laboratory 
determinations for evidence of diabetes mellitus, renal damage, and 
impaired hepatic function, in addition a blood count should be made 
When the thyroid is more than moderately enlarged, a roentgenogram 
of the chest should be made, an mtrathoracic goiter or adenoma may 
thus be revealed, as will any compression or deviation of the trachea 
The eye signs and symptoms must be carefully noted In some two 
thirds of hypecthyroid cases, some degree of exophthalmos is en 
countered, in this connection it should be remembered that many 
patients will have had naturally prominent eyes before the onset of 
exophthalmic goiter The eyes should besides Le examined for the 
common if not typical symptoms of puffiness of the eyelids, lid lag 
poor convergence and other signs of eye muscle involvement 

Important information as to the toxic condition of the patient may 
be obtained m the majority of cases by observation of the extent of 
the nervous manifestations (restlessness, irritability, emotional in 
stability ) Tremor is as a rule fine and rapid, although in the occasional 
patient it may be as coarse and slow as in Parkinson s disease 

The more severely toxic patients may show gastro intestinal symp 
toms, such as diarrhea (less than 30 per cent of all cases) and nausea 
and vomiting Persistent nausea and vomiting are very serious symp- 
toms in the thyrotoxic patient and should be considered strong pre 
sumptive evidence of an impending crisis (Thompson, 1944) 

The degree of muscle weakness and fatigabilitv roughly corre 
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sponds to the intensity of the thyrotoxicosis As the patients con 
dition improves during preoperative treatment, the patient s strength 
and endurance should increase, as one indication of improved oper 
ability 

As is well known, basal metabolism determinations are the out 
standing!) important means of ascertaining the degree of toxicosis 
and of estimating the improvement effected b) preoperative manage 
ment Also, all experienced clinicians are w ell aware that a single basal 
metabolism test is not sufficient to show the patient s true condition 
before treatment is begun, a series of readings should be taken on sue 
cessive da>s until the true metabolic level has been definitely deter 
mined Whereas the basal metabolic rate often indicates the degree of 
thyrotoxicosis, in many cases it may not some patients, especially 
those with apathetic or masked hyperthyroidism may be severely toxic 
and yet have a normal or even subnormal metabolic rate It may be 
stated as a general rule, however, that the higher the level of metab 
olism the more intense the toxicosis A persistent elevation of the 
metabolic rate above 15 per cent is strong evidence that a thyrotoxic 
state exists 

Other Laboratory Tests The hippunc acid test frequently indi 
cates the degree of impairment of hepatic function m relation to the 
degree of hyperthyroidism, m many cases the liver damage closely 
parallels the severity of the thyrotoxicosis The galactose tolerance test 
similarly may be found helpful m determining not only the extent 
of hepatic dysfunction but also in supplying additional evidence that 
a hyperthyroid condition indeed exists Blood iodine determinations 
however, are of much greater significance (page 129) , as previously 
mentioned they prov ide excellent evidence as to the extent of hepatic 
impairment and as to operability Concerning blood cholesterol level 
it may be stated that, as a general rule — although one with many ex 
ceptions the lowering of the blood cholesterol is in inverse ratio to 
the elevation of the basal metabolic rate, but, because of the numerous 
exceptions to this general rule, we cannot regard the blood cholesterol 
level as a reliable indication of the degree or even the presence of 
hypexthy roidism 

Importance of Experience and Judgment Clinical experience 
judgment, and diagnostic ability arc vastly more important than any 
laboratory test Tests provide mere indications of the condition of 
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the patient and the effects of treatment The physician or surgeon must 
stud) the whole clinical picture in order to reach an accurate con 
elusion concerning the patient s status, response to therap), and optimal 
time for operation 


Difj erential Diagnosis 

At times, it ma) be difficult to make a differential diagnosis betw een 
borderline or earl) hyperthyroidism or apathetic thyrotoxicosis and a 
number of other conditions, especially essential hypertension, lymphatic 
or myelogenous leukemia, acromegaly, and neurocirculatory asthenia 
In pulmonary tuberculosis we may encounter the symptoms of loss of 
weight, marked fatigability and tachycardia, the basal metabolic rate 
being elevated when fever is present In the absence of fever, however, 
the metabolic level is usually normal and the appetite is poor, a roent 
genogram of the chest should demonstrate the lesion and laboratory 
tests should prov ide strong ev idence that a state of hyperthy roidism does 
not exist 

In essential hypertension, the basal metabolic rate is in many cases 
elevated as much as 30 per cent When a goiter is also present, dif 
ferential diagnosis between hypertension and hyperthyroidism is ex 
ceedinglj difficult We may have to depend upon a therapeutic test 
with iodine, thiouracil or propylthiouracil and note the effect of the 
drug upon the basal metabolic rate 

In lymphatic and myelogenous leukemia the basal metabolic rate 
may be increased to as much as 70 per cent above normal Tachycardia 
increased sweating and even exophthalmos may still further confuse 
the clinical picture Obv musly a white cell count would provide almost 
decisive information, as would the characteristic signs and symptoms 
of the leukemias 

Acromegaly is a comparatively rare condition and in only a minor 
percentage of patients with this disorder do we observe a syndrome re 
semblmg that of exophthalmic goiter goiter, high basal metabolic rate, 
tachycardia, palpitation, increased perspiration, tremor, exophthalmos 
Indeed, in such cases, it is probable that excessive secretion of thyro 
tropic hormone by the anterior lobe of the pituitary has induced a 
thyrotoxic state (Thompson, 1944) When the skeletal changes featur 
mg acromegaly have become obvious, the diagnosis is simple, but in 
the early phase of the disease it is practically impossible to determine 
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the true underlying condition A therapeutic test with iodine or a 
thio drug would efTect a reduction in the basal metabolism because of 
the presence of hyperthyroidism but would not disclose the coexistence 
of acromegalj Thompson has remarked that accurate diagnosis is 
important because when thyrotoxicosis is associated with acromegaly, 
it is treated by attacking the pituitary and not the thyroid 

In neurocirculatory asthenia the less experienced clinician may be 
in doubt as to the correct diagnosis because of the symptoms of ner\ 
ousness, tachycardia, increased pulse pressure, and marked fatigability 
Generally, however, a goiter is not associated with this condition and 
the basal metabolic rate may be within the normal range A thera 
pcutic test with iodine or thio drug may be necessary to resolve the 
problem 

The differential diagnosis of diabetes mellitus and hyperthyroidism 
should rarely present much difficulty The diabetic without hyper 
thyroidism has a good appetite yet loses weight, the patient, however 
does not manifest the typical signs and symptoms of the hyperthyroid 
state Of course, some patients have both diabetes and toxic goiter, 
in these cases we observe the characteristic manifestations of thyro 
toxicosis and also find sugar in significant quantities in the urine The 
double diagnosis may be confirmed by the sugar tolerance test In a 
considerable percentage of cases, the nondiabetic hyperthyroid patient 
has traces of sugar in the urine or, occasionally, shows definite glyco 
suria (DeCourcy, 1928, see also page 320) In these instances, the 
sugar tolerance test rules out diabetes 

PRl OPERATIVE TRrATMENT 

The aim of the preoperative treatment of the thyrotoxic patient is 
to increase operability to the maximum possible by improving the p3 
tient s general physical condition, by reducing nervousness and appre 
hcnsion by rest and informal psychotherapy, by optimal nutrition so 
that sufficient weight is gained, and by adequate medication with iodine 
or a thio drug (thiouracd, thiourea, or propylthiouracil) or both iodine 
and thio drug, to the end that the basal metabolic rate is brought down 
as near as possible to the normal level and other signs and symptoms 
of the thyrotoxic state are markedly ameliorated Tachycardia should 
be diminished, the pulse pressure decreased and the abnormally high 
circulation rate significantly reduced Muscular w eakness, fatigability, 



PREOPERATIVE CONSIDERATIONS 305 

irritability, hyperkmesis, sweating, and tremor should be ameliorated 
In the meantime, complicating disorders, especially cardiac conditions, 
diabetes, hepatic insufficiency, and infections, should be sought for and 
adequately controlled 

One should never be in a hurry to operate on a thyrotoxic patient 
Only in very rare instances will thyroidectomy be an emergency oper 
ation The ideal time for operation is indicated only by the response 
of the patient to preoperative treatment The time is not just so 
many days or weeks after the institution of therapy with iodine with 
or without thio drug When the surgeon is sure that the maximum 
margin of safety at operation has been assured by the patient s im 
pro'ement — and, of course, provided the amelioration of signs and 
symptoms is great enough, in accordance with definite criteria (page 
315), the time for operation has come Even then the improvement 
may not be satisfactory enough to justify a bilateral thyroidectomy, a 2 
stage operation being necessary to ensure the safety of the patient 
(page 316) 

Rest and Informal Psychotherapy As ever since the very be 
ginning of modern treatment of hyperthyroidism the prime preopera 
tive measure is rest of mind and body In most thyrotoxic cases, the 
patient has been suffering for months or years with a sense of inability 
to react normally to the stresses and strains of everyday existence The 
mind has been in a state of worry hypenrntability , and distraction from 
emotional instability The body has been in a state of tension, and 
strength and endurance have alarmingly decreased The nerves and the 
heart ha\e been deletenously affected, as the patient is only too well 
an are, and so is usoa)}} cardiac conscious 

It is advisable (if not always possible) for the patient to be hos 
pitalized for 2 or more weeks before thyroidectomy If the case is one 
of apparently moderate hyperthyroidism, the patient may be allowed 
to sit up in a chair for a period each day and even to take short walks 
about the hospital or its grounds In more severe toxicosis, the patient 
is put to bed and kept there, in absolute rest, for several weeks, this 
rule applies especially to patients in a state of cardiac decompensation 
or threatened crisis It must be remembered that absolute bed rest 
may bring about severe muscle atrophy within a matter of days, at 
least some exercise, when it can safely be taken, is decidedly beneficial 

Physicians and nurses should be cheerful, and they should take 
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pains to utilize tactful!} ever) opportunity to raise and maintain the 
patient s morale and to minimize the tendency to worrj about domestic 
financial, or other troubles The) must 5 am the patient s confidence and 
alia} apprehension m regard to the operation — the safety and ad 
vantages of which can be emphasized We should keep in mind the fact 
that the hypcrthjroid patient is a hypersensitive individual and has a 
capacity for suffering which is not possessed b) those of a more phleg 
matte disposition 

Diet The diet must provide approximate!) 5,000 calories per da) 
in the average adult thjrotoxic patient Men with severe h) perth) roid 
ism require as much as 6,000 calories, daity Man) of the sjmptoms 
of th) rotoxicosts are at least in part the result of a prolonged negative 
caloric balance, intake of calories must exceed output, in order to build 
up the general health, ov ercome muscle w eakness and increase endur 
ance A high carboh)drate diet supplies calories in quantity and en 
sures increased storage of liver gtycogen (so that liver deaths arc 
avoided) An excess of fat may cause diarrhea Although protein has 
a relativel) high specific d)namic action, the daily allowance must be at 
least one gram of protein per kilogram of body weight (estimated nor 
mal weight), the slight increase in heat production accompan)ing an 
increase in the protein content of the diet is probabl) a negligible fac 
tor as compared to the great advantage of ensuring an adequate suppl) 
of amino acids with which muscle tissue can be built up In extreme 
cases, when it is necessar) to increase operability in a patient upon 
whom an operation must be performed despite failure to respond satis 
factoril) to preoperative treatment, the empktyment of intravenous 
amino acid alimentation over a period of a few da)s maj be of value 
(Liman, 19^0, Cole, 1911) 

Thiamin requirements are proportional to the amount of foot! 
metabolized, and the administration of this vitamin has been shown to 
be of value in the nutrition of the tltyrotoxic patient (Covvgill and 
Palmier! 1933, Means, Hertz and Lerman 1937. Williams et al 
1913) The increased need for other B vitamins (pantothenic 3 Cid and 
p)ndoxine) has been demonstrated b) Drill and Overman ( 1912) 

Calcium phosphorus and vitamin D — probabl) best supplied b) 
vitamin D milk — are believed to be necessar) also in more than usual 
quantities (Puppet and others, 1915) All tltyrotoxic patients have a 
tendenq to lose calcium, with which element phosphorus metabolism 
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is closely associated, vitamin D, of course, promotes the normal utili 2 a 
tion of calcium 

Generali), fluid is provided in large quantities, up to 3 or 4 
liters pec da) , but if edema appears as a result of a cardiac condition, 
the fluid intake should be decreased until the heart function improves 
In rare instances, h)podermocl)sis maj ha\e to be emplo>ed in the 
event that there is intolerance of orall) administered fluid 

Vitamin K may be indicated in case of hepatic dysfunction or gall 
bladder disease As is well known adequate wtamin C (ascorbic acid) 
intake is essential for normal healing of wounds 

Treatment of Complicating Disorders (1) Cardiac Conditions 
Tachycardia with regular rhythm and without cardiac decompensation 
generally requires no other treatment than rest and medication with 
iodine or thiodrug or both depending upon the routine of the clinic 
the same rule holds true for tachycardia with moderate decompensation 
exceptions being made at times in the case of the elderly patient Digi 
tabs may be advisable in the elderly with regular rhythm and no signs 
of failure but with a cardiac capacity no greater than the load Digital 
ization is also indicated, as is universally recognized in cases of ob 
mous congests e heart failure or of auricular fibrillation with rapid 
pulse or persistent pulse deficit Clute and his associates (1944) have 
stressed the importance of leisurely digitalization of patients who 
have had repeated attacks of transient auricular fibrillation, otherwise 
postoperative recurrence of the auricular fibrillation is almost certain 

(2) Diabetes Mellitiis According to Regan and Wilder (1940) 

1 7 per cent of patients with diffuse toxic goiter and 5 6 per cent of 
patients with toxic nodular goiter have diabetes as a complicating dis 
ease Operation should not be undertaken until the degree of the dia 
betes and the insulin requirement have been carefully ascertained 
Borderline diabetes is often ameliorated as a result of thyroidectomy 

(3) Hepatic Insufficiency Impairment of liver function is common 
in hyperthyroidism (page 136) Inadequate treatment may result in 
thyroid crisis and death A high carbohydrate, high protein diet, and 
intra'enous glucose are essential to the rebuilding of the hepatic re 
ser\e, to increased storage of glycogen, and improvement of hepatic 
function 

(4) Infections Untreated infections greatly increase the risk of 
thyroid crisis When patients are brought to operation, they should be 



308 the thyroid gland 

free of active infection especially of the throat or respirator) system 
If there is an active infection and sulfonamide therapy seems to be 
indicated, the condition of the hyperthyroid patient must be care 
fully taken into account, these drugs not infrequently ha\e toxic effects 
on the liver, which may already be damaged m thyrotoxicosis Never 
theless an acute infection may threaten to produce a thyroid crisis 
and the use of the appropriate sulfonamide may be life saving despite 
the possibility or the probability of increased injury' to the liver When 
sulfonamide therapy has been necessary, the operation should be post 
poned until the condition of the patient during a prolonged period of 
hospitalization has remained satisfactory Fortunately, penicillin may 
now be employed in the treatment of many types of infections whereas 
formerly only the sulfonamides were available, for certain infections 
however, the sulfonamides are still the sole satisfactory remedy 

lodintzauon A few years ago after the introduction of preopera 
tivc medication with thiouracil, thiourea and other thio drugs m 
Graves disease, it was widely stated that the preoperative treatment 
with iodine had been outmoded Nevertheless, as several times before 
in the history of the use of iodine in therapy of exophthalmic goiter 
such a conclusion has turned out to be erroneous — because based upon 
false assumptions as to the effects of iodine in this condition (page 
142) The history of the utilization of iodine in goiter extends back 
through the centuries (see page 14) Not inconsiderable employment 
of iodine in Graves disease was a fairly common procedure at the be 
ginning of the century, but the pronouncement of the mtcrnation 
ally famous Theodore Kocher in 1910 led to the almost umver 
sal abandonment of such medication, early misuse of iodine and over 
dosage, as well as a misunderstanding of the nature of the reaction to 
iodine therapy in thyrotoxicosis led to this warning of Kocher and 
similar pronouncements in the succeeding decade The extended ob 
servations of Plummer (1923) again, and with irrefutable success 
demonstrated the value of iodine administration to goitrous patients 
Still, even today, doubts are expressed as to the wisdom of iodine 
administration and as to the dangers involved in such (preoperative) 
therapy of thyrotoxicosis 

So once again, iodine therapy in toxic goiter has been dispensed 
w ith only to be restored to its former status as an indispensable aid to 
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treatment The value of iodine administration — ev en when thiourea, 
thiouracil or propylthiouracil is given as the so-called mam pre 
operative medication — has once more gained almost unn ersal recog 
nition 

It may be reaffirmed, as we pointed out more than a decade ago 
(DeCourcy, 1933) Of all therapeutic procedures for the cure of 
goiter, subtotal thyroidectomy has proved by far the most efficacious 
With improved technique we ha\e succeeded in obtaining quicker con 
valescence and a lower mortality than formerly The mortality has 
been less than 1 per cent in all cases Of greater importance, how 
ever, has been the preoperative preparation of the patient w ith iodine 
This preparation, we have found — and our findings ha\e received 
ample confirmation — o\ercomes the greatest obstacle to successful 
thyroidectomy , namely, the toxic phenomena and cardiac depression of 
exophthalmic goiter, which are so subject to aggravation by the emo 
tional experience of the operation and the operative load 

Our practice has been to administer 10 minims of Lugol s solution 
3 times daily for 2 to 4 weeks prior to operation, the dosage and period 
of preoperative medication depending upon clinical improvement 3nd 
changes in the metabolic rate reading 

With this treatment, the patient improves progressively for 10 
to 20 days Nervous tension is relieved and apprehension is replaced 
by serenity The symptoms of thyrotoxicosis gradually subside tachy 
cardia is lessened, tremor is abated, weight is increased, and the basal 
metabolic rate falls toward normal In approximately 2 weeks (on the 
average), the patient who was formerly critically ill becomes com 
paratively well 

As experience has shown, this improvement is only temporary 
If iodine medication is continued for any considerable length of time, 
or is stopped, no matter which, the patient suffers a relapse to his 
former condition 

The point of the treatment, however, is that it enables us to im 
prove a desperately sick patient to such an extent that he can with 
stand the shock of a serious operation Thus he becomes a much better 
surgical risk The patient at this stage may be operated upon with 
safety and, in most instances, with little or no untoward reaction 
On the other hand, if thyroidectomy is performed without previous 
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iodine (or thio drug) medication, the postoperative reaction is fre 
quently severe, the temperature rising to 106* or 107* and in man) 
cases has a fatal termination 

In our experience, nothing else contributes so much to lowered 
mortalit) from th) roidectomj as preoperattve treatment carefull) car 
ried out (DeCourcj, 1939) The aim is to operate at exactl) the time 
when maximum improvement has been obtained This maj require 
10 days of medication, or in some cases 3 weeks or even longer 

Patients operated upon while the) are saturated with iodine do no f 
suffer severe postoperative reaction We feel no apprehension in oper 
ating upon a subject who has been treated adequatel) with iodine 
It has been our practice in operating on cases in which iodine has 
been given over a long period, but in which toxic s)mptoms arc still 
manifest, to give 1514 grams of sodium iodide mtravenousl) imme 
diatel) after operation — while the patient is still in the operating 
room Fift) minims of Lugols solution are administered b) rectum 
as soon as the patient returns to bed, and this procedure is repeated in 
8 hours If the temperature rises above 102’ on the following da) 
Lugol s solution is given b) mouth ever) 4 to 6 hours 

It is ver) important, as a proph) lactic measure, to continue treat 
ment after operation, until all danger of a secondar) reaction is past 
It is our practice to give 10 minims of Lugol s solution daily for 8 
weeks after the postoperative reaction, following which medication the 
administration of desiccated thyroid is instituted as a prophylactic meas 
ure against recurrent hyperthyroidism (page40l) 

Various opinions have been expressed as to the value of suspending 
iodine administration when uncontrollable conditions have necessi 
tated the giving of such medication beyond the usual period, possibly 
f.QA kvj.c'.’j w.b.eo. dvs d/aes p/st ipyeit to be Qpecahle It 

would seem wise, under such circumstances to keep the patient in the 
hospital and wait for some remission, at which time operation may 
be performed with a sufficient margin of safety in most instances 
Exceptionally, in such severely toxic patients, a rest period of some 
weeks — suspension of iodine medication — may be indicated The 
employment of thiodrug medication may be especially advantageous in 
these cases 

Most authorities agree that, after iodine therapy and before oper 
ation, the basal metabolic rate should be less than 50 per cent above 
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normal, but, as is universally realized, basal metabolic rate is by no 
means a sure indication of the degree of thyrotoxicity m a given pa 
tient Its determination is of value when other factors — such as the 
clinical picture and the blood serum iodine — are taken into consider 
ation at the same time The significance of serum iodine is discussed at 
some length in an another chapter (page 121) Patients with a basal 
metabolic rate of more than 50 per cent above normal must be 
considered as definitely poor operative risks, so high a metabolic rate 
may be assumed to be indicative of a severely toxic condition In the 
average patient, as the symptoms show improvement under iodine medi 
cation, the basal metabolic rate falls 20 to 50 points provided, of 
course, that nutritional and other preoperative measures are adequate 

Most clinicians believe that cases of nodular goiter with toxicity 
respond more slow 1) to iodine therapy , not only is the response less 
marked but it is also less certain Many authors have expressed the 
conviction that administration of iodine to patients with toxic nodular 
goiter may at times result in an exacerbation of symptoms Cole (19 44) 
has reported a consistently higher mortality rate following thyroidec 
tomy for toxic nodular goiter than following operations for diffuse 
toxic goiter 

In a recent review of the dangers of the incorrect use of iodine in 
the treatment of goiter, Fitzgerald (1944) stated that there are 3 types 
of patients in whom he had observed the production of an apparent 
iodine thyrotoxicosis (1) goiter in adolescence, (2) cases of exo 
phthalmic goiter receiving iodine medication during a prolonged 
period, and (3) cases of nodular goiter This writer concluded that 
iodine therapy should be reser\ed strictly for cases of diffuse goiter with 
toxicity Nevertheless the consensus is that, as a rule, iodine medica 
tion may be advantageously used to reduce the toxicity of toxic nodular 
goiter to within operable limits 

Barker and Wood (1940) have made a study of the (relatively 
rare) adverse reactions to iodine, i e , of lodism or sensitivity to iodine 
Guptill (1942) listed the following reactions (1) macular papular 
dermatitis which may progress to bulbous and ulcerative lesions if 
iodine administration is continued, (2) diffuse erythema and swelling 
when iodine comes into contact with presumably normal skin, (3) true 
allergic manifestations — fever, irritation of all free mucous mem 
branes, dermatitis, and nervous irritability 
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Some 3 per cent of patients with Gra\es disease do not respond 
favorably to iodine therapy (Means and Lerman, 1931) In prac 
tically all patients, continued use of iodine past a period of 4 or 5 
weeks must be expected to cause an intensification of symptoms Dis 
continuance of iodine therapy, on the other hand, is followed b) a 
worsening of the condition of the thyrotoxic patient (unless, of course 
thyroidectomy has been performed) , the basal metabolic rate rises and 
the general symptoms approximate in their severity those existing 
before medication was begun It is true that many * cures have been 
reported to result from iodine therapy alone in exophthalmic goiter, 
but practically all authorities believe that if actual cures do eventuate 
they are decidedly exceptional In this connection it must be remem 
bered that, in thyrotoxicosis as in a great many other diseases, spon 
taneous remissions do occur We have all seen cases, unoperated, 
which have subsided to leave only slight exophthalmos as evidence 
of the former condition 

Iodine in Conjunction with Thio Drug Early investigations of 
the effects of goitrogenic drugs — especially thiourea and thiouracil — 
seemed to demonstrate that preliminary treatment of the thyrotoxic 
patient with iodine retards or prevents the action of the thio drug 
(Bartels, 1945, Eaton, 1915, Reveno, 1944, Williams and Clute, 
1914) It was soon observed, however, that thio drugs increase the 
difficulties of operation by rendering the thyroid gland excessively 
friable and thus increasing the tendency to operative bleeding Routine 
use of iodine in conjunction with thiouracil or thiourea has therefore 
been adopted almost universally (Means, 1916) 1 urthermore, it has 
been established that the preliminary iodine medication of thyrotoxic 
patients does not delay the action of thiourea or thiouracil, provided 
iodine therapy is not discontinued (Raw son et al , 1945, Danowski 
Man and Winkler, 1916) Ravvson and co workers found that 
whereas thiouracil causes the hyperplastic thyroid gland of Graves 
disease to become even more hyperplastic and prevents the utilization 
of iodine hy the thyroid, in spite of the blocking of iodine collection 
following thiouracil administration the use of iodine brings about some 
degree of involution of the thyroid gland in the thyrotoxic patient 
Danowski and his associates reported that iodine and thiourea (and pre 
sumably also thiouracil 3nd propylthiouracil) have additive or syner 
gtstic effects in the treatment of hyperthyroidism According to these 
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authorities, iodine and thiourea produce a more pronounced remission 
during the first 3 or 4 months than is produced by thiourea alone 
When iodine medication was discontinued, hyperthyroidism recurred in 
some patients maintained in remission previously by the administration 
of thio drug and iodine together Further, according to Danowski and 
his collaborators The recurrence of the hy perthy roidism v. ith omission 
of iodine medication in patients on combined therapy is positive proof 
that the administration of iodine may permit a smaller dose of thiourea 
to be effective In view of the potential toxicity of all drugs of this 
series, the practical advantage from such reduction in dosage is ob- 
mous The mode of action of thiouracil and its congeners is similar 
to that of thiourea and it would appear that the conclusions of Dan 
owskt and co-workers can logicalty be extended to medication with 
any member of the group of thio drugs As noted in another section 
(page 135), the work of Raw son and others (1945) has indicated that 
iodine and thiouracil have independent inhibitor) actions in thyro 
toxicosis which seem to be additne 

Danowski and his associates observed that the quickest and most 
pronounced remissions occurred in patients who recened iodine along 
with thiourea Also, as we would like to emphasize, the treatment of 
hy perth) rotd patients with a goitrogenic drug may reduce the concen 
tration of the serum precipitable iodine to the vanishing point Hence 
prolonged thiodrug medication may be expected to induce a hypo 
thyroid state in a considerable percentage of patients The lowest pos 
sible dosage of thio drug would seem to be indicated whenever medi 
cation is continued through an extended period Use of iodine in con 
junction with the goitrogenic drug permits reduction of the dosage of 
the latter 

Hypothyroidism should be avoided in the prolonged medication of 
thyrotoxicosis the general reaction of the patient is certainly not to be 
desired, and, of course, there is the possibility that the dexelopment of 
exophthalmos may be promoted as hypothyroidism de\elops When 
hypothyroidism does occur following prolonged treatment of hyper 
thyroidism with a thio drug, it may be necessary to administer desiccated 
thyroid or reduce the dosage of the drug, either procedure, however, 
may bring about a recurrence of the thyrotoxic condition It is wise to 
remember that, as medication with thiouracil or one of its congeners is 
continued, the serum iodine falls more rapidly than does the basal 
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metabolic rate — determinations of the latter ma) not provide sufficient 
warning of the insidious de\elopment of the hypothyroid state De 
terminations of the serum iodine should be regular!) made and it is 
necessary to watch for earl) clinical s)mptoms of the onset of h)po 
thyroidism sensations of chilliness, evidence of ps)chomotor retarda 
tion, and, at times, marked gam in weight 

Some clinicians who have adopted the procedure of administering 
iodine in conjunction with a thio drug have also made it a practice 
to discontinue both drugs on the da) of operation Whether or not 
the omission of iodine at this time is the optimal or even a safe pro- 
cedure cannot be stated until more experience has been gained Pos 
sible recurrence of the th) rotoxicosis is not the onl) consideration 
There is also the problem of postoperative hypoth)roidism, discon 
tmuance of the thio drug would seem advisable, but, as regards dis 
continuance of iodine medication at operation, one can scarce!) formu 
late an opinion on the basis of considerations which have been in 
vestigated to onl) a limited extent thus carl) in the history of thio 
drug therapy 

Thio Drug Therapy The routine, the untoward side effects, and 
the results of medication with the various thio drugs now available 
have been considered at length in the chapter on these new therapeutic 
agents (page 149) 

Thyroid Crisis Thyroid crisis, or thyroid storm, represents a 
severe reaction of the thyrotoxic patient in which there is a marked 
exacerbation of the toxic signs and symptoms and in which the con 
dition of the patient is profoundly and alarmingly, if not fatally 
affected Such reactions are most frequently seen in poor risk patients 
especially those with cardiac or hepatic disorder, or with both Me 
ticulous attention to the measures which serve to build up the patients 
vital reserves is the best prophylactic Important factors in precipitat 
ing a thyroid crisis are acute or persistent subacute infection, severe 
emotional strain, operation which places too great a load on the cir 
culatory and respiratory systems, and undersedation as well as over 
sedation (see page 390) * The treatment is symptomatic efforts to 
reassure the patient, proper sedation (but not in excess), oxygen or 
oxygen and helium, iodine, and counteraction of the rapidly develop 
mg nutritional deficiency, particularly with intravenous glucose 

The earning ugm anj symptoms hive been d somed on pige 390 
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Prerequisites for Thyroidectomy 
Operability is determined in different najs by different surgeons 
Nevertheless, it is universally recognized that the patients condition, 
must meet certain definite, minimum requirements before ev en a uni 
lateral lobectomy can be performed As many studies have shown, one 
great cause of a high mortality rate associated with thyroidectomy is 
poor timing of the operation The time for operation is indicated bj 
special criteria of improvement rather than by duration of preoperative 
treatment Severely toxic patients often show alternate periods of so 
called remission and of relapse With lodimzation, in such cases several 
w eeks may elapse before the desired state of operability can be achiev ed 
and the time for operation is during a period of remission With thiou 
racilization desired improvement may not occur for months When 
in doubt as to the advisability of operation the conservative surgeon 
will postpone the operation until an adequate margin of safety has 
been assured 

Prerequisites for Bilateral Thyroidectomy 
A 2 stage operation is generally advisable in elderly patients, those 
with cardiac complications, and other poor risk cases Otherwise, 
usually a bilateral thyroidectomy can be performed when the improve 
ment in the patients condition has met the following requirements 

(1) General Physical and Mental Condition The surgeon can 
safely reach the decision as to the time to operate only if he carefully 
studies the entire clinical picture Thus, the patient s general improve 
ment,. as shown by amelioration of the outstanding physical and mental 
symptoms, must be adequately taken into account The patient should 
ha\e gained in strength and fatigability should have been reduced 
There should ha\e been a diminution of nervousness, irritability, and 
emotional disturbance A confused mental state may indicate the 
possibility of crisis, in some cases as a result of marked hepatic m 
sufficiency The experienced surgeon has de\ eloped a sensitive ability 
to detect unfavorable signs or symptoms as he studies the individual 
patient 

(2) Gam in Weight Unless there has been a significant gam 
in weight, the severely toxic patient should definitely not be submitted 
to operation Weight gain is of the utmost importance in every thyro 
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toxic patient Failure to show gain in weight is proof that the treat 
ment has thus far been inadequate The desired weight gain depends 
upon the weight which the patient had lost before therapy was insti 
tuted If the weight loss has been only about 10 pounds the gam 
of 3 or 4 pounds maj be sufficient, other factors being satisfactorily 
checked But when the weight loss has been great — 20 to 40 pounds 
— then the gain during preoperative treatment should range between 
1 0 to 1 3 pounds at least 

(3) Basal Metabolic Rate Operability has not been increased to 
the desired level when the patients basal metabolic rate remains as 
high as 40 to 50 per cent above normal after lodmization or treatment 
with a thio drug So high a metabolic rate is a sign that reaction to 
operation will m all possibiht) be unfavorable 

(4) Resting Pulse Rate Most authorities agree that the resting 
pulse rate should not be above HO and preferabl) not above 100 
If minor emotional stress or slight physical activity inducts a tachy 
cardia of 130 or above this sharp rise in pulse rate usually signifies 
that the degree of toxicit) is still excessive The factor auricular fibrtlla 
tion must, however, be taken into account in patients whose toxicosis 
is (apparcntl) ) of moderate degree 

(5) Complicating Disorders The patient should not be submitted 
to th>roidectom> until every complicating disorder has been satisfac 
torily treated A considerable interval should intervene between the 
clearing up of an active infection and the operation, this rule is not m 
frequently vital when sulfonamide therapy has been employed with 
resultant further impairment of hepatic function 

Poor Risk Patients — Unilateral Thyroidectomy 

The patient with serious cardiac condition and the elderly, whose 
toxicity is often masked (deceptively unproductive of typical warning 
symptoms) must always be regarded as poor risks The margin of 
safety is also low when one or more of the following factors cannot 
be successfully counteracted high or rising basal metabolic rate, con 
tinued weight loss or failure to gain weight, high pulse rate, psychotic 
manifestations active infection marked hepatic insufficiency, renal 
damage, marked hypertension crisis status and general failure to re 
spond to medication with iodine or thio drug If thyroidectomy is 
necessary despite the discouraging clinical picture, it should be per 



PREOPERATIVE CONSIDERATIONS 317 

formed in two stages — but only after the surgeon is satisfied that all 
possible measures have been taken to increase operability 

Roentgenotherapy 

A small percentage of severely toxic patients do not respond to 
preoperative medication with iodine and thiouracil or propylthiouracil, 
or react adversely to such treatment, and m these cases some benefit 
may be derived from roentgenotherapy Cole (1944) has stated cate 
goncally There is no truth in the statements offered by some sur 
geons that x ray treatment adds tremendously to operative difficulties 
Very few, if any, adhesions are produced by x ray therapy Never 
theless the firmness of the gland may be increased and, according to 
a number of repots, at least m the occasional case some adhesions may 
be produced Depending upon the operative technique employed, the 
increased firmness of the gland may or may not be an advantage, in 
creased firmness, or decreased friability, may reduce the chance of 
hemorrhage During the first few days after radiation of the gland 
the severely toxic patient may manifest a severe increase in symptoms 
as in the case cited by Cole Four to 6 weeks are required for the at 
tainment of the maximum effects of preoperative roentgenotherapy 
It is to be stressed, however, that this mode of treatment is but rarely 
indicated because of the high percentage of fa\orable results obtained 
by proper use of iodine and thiouracil or propylthiouracil 

In a recent study, Thompson and Thompson (1944) determined the 
effects of irradiation of the pituitary gland as a means of a\ oiding 
surgery altogether They remarked that, whereas the results of treat 
mesA 'ii'Ab tb.va drags wr<d vc/Ame. (ra raivosctoi*. 

iodine) are very important, such therapy does not attack the under 
lying cause of the disease Thompson and Thompson undertook the 
investigation on the hypothesis that, in some patients with toxic 
goiter, the anterior lobe of the pituitary stimulates the thyroid gland 
to overactivity Irradiation of the anterior pituitary in 38 cases of toxic 
goiter gave the following results m 7 patients, the basal metabolic 
rate dropped permanently to within normal range, in 16 patients, there 
was a marked but temporary reduction m basal metabolic rate (the 
reduction ranging between 15 and 52 points) Fifteen patients, how 
ever, showed no response whatsoever Obviously, these results would 
not suggest general employment of irradiation of the anterior lobe 
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of the pituitary gland either as a preoperative measure or as a means 
of avoiding operation It may be true, however, that further studj may 
bring to light some practical clinical application of such therapy 

Blood Pressure in Disturbances or the 
Thyroid Gland 

The effect of thyroid secretion on blood pressure has not been given 
the attention which it would seem to deserve The established scientific 
facts arc «canty and have given rise to a diversity of views Early work 
ers observed a fall in blood pressure after intravenous administration 
of a crude extract of the thyroid gland (Talta, 1923) , further, in most 
instances, feeding thyroid gland was found to produce an increase in 
the fall of blood pressure from center to periphery as in aortic re 
gurgitation Clinical facts however, rather than the sparse results of 
experimentation provide us with most of our information along these 
lines 

In Exophthalmic Goiter In exophthalmic goiter the cardiovascular 
manifestations may be likened to those occurring in aortic insufficiency 
although the former are less in degree The throbbing arteries of the 
head and neck — which m some cases shake the entire body with each 
cardiac systole — the rapid collapsing pulse, the alternate flushing and 
blanching of the skin and the presence of capillary pulse readily sug 
gest this analogy 

With regard to blood pressure, the analogy still holds Plummer 
(1913), Taussig (1916) and others showed that the systolic pressure 
is usually somewhat increased, whereas the diastolic remains normal 
or is slightly below normal The result is an increase in pulse pressure 
which normally amounts to 50 per cent of the diastolic, to an average 
of 90 per cent of the diastolic pressure 

Tausstg found j distract difference bet* cert rfte bfood pressure trt 
the brachial and femoral arteries in exophthalmic goiter, as in aortic 
regurgitation, that is the blood pressure was considerably higher in the 
femoral artery than in the brachial The systolic pressure averaged 37 3 
mm higher in the femoral artery, the diastolic, 7 6, and the pulse 
pressure, 29 7 mm 

An odd symptom observed m aortic insufficiency is a distinct pulsa 
tion of the retinal arteries in the fundus oculi This sign is also present 
in cases of exophthalmic goiter, and in the two diseases the mechanism 
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of its production is the same It is the result of an extremel) low dias 
tolic pressure in the peripheral arteries with a disproportionate!) high 
pulse pressure, so that the small arteries are caused to pulsate \ isibl) 
with each cardiac systole 

Relation of Blood Pressure to Basal Metabolic Rate We ha\e 
repeatedly observed m cases of thyrotoxicosis that the systolic and 
pulse pressures tend to increase proportionately w ith the basal metabolic 
rate After successful operation, depending upon the duration of the 
disease before operation and upon the period of time since operation 
the fall in systolic pressure has been found to parallel the reduction in 
basal metabolic rate When hypertension has existed for a long time 
m association with thyrotoxicosis the change in the \ascular coats is 
such that blood pressure tends to diminish only \ery slowly 

Similar findings were reported by Troell (1926), who found a 
higher systolic pressure and greater amplitude of pressure — the latter 
running parallel to the increased metabolism — in exophthalmic goiter 
patients than in controls of the same age After thyroidectomy, the 
blood pressure in Troell s cases likewise returned to normal 

Handel (1924) found a similar relationship between blood pressure 
and basal metabolic rate in cases of essential hypertension In neph 
ntic hypertension, on the other hand the basal metabolic rate was 
almost normal 

Mannaberg (1924) likewise found the basal metabolic rate to be 
consistently increased in 20 patients wuth essential hypertension whose 
blood pressure ranged upward abo\e 180 mm 

It would appear, therefore, that there is a definite relationship be 
tween the blood pressure and the basal metabolic rate not only in 
exophthalmic goiter but also m other conditions not related to the 
thyroid gland 

We believe that the increase in systolic pressure is proportionate 
to the duration of the disease and the degree of toxicity, the duration 
of the disease being the more significant factor Whether or not hyper 
tension is directly caused by thyrotoxicosis has not yet been deter 
mined, but its association with this disease is so common that Graves 
disease must always be considered as a possible cause of high blood 
pressure, after more common conditions have been excluded 

The blood pressure changes in exophthalmic goiter may perhaps be 
considered as an adjustment to meet the demands placed on the body 
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b) the higher metabolic rate A higher lc\el of metabolism and tissue 
breakdown neccssanlj requires a greater suppl) of oxygen to the 
tissues To meet this demand, the blood must flow more rapidly Hence 
the pulse rate is accelerated and the us a tergo, in the form of the heart 
beat, is increased, while the peripheral blood pressure is lowered thus 
reducing, the resistance to the onflow of blood 

In our studies at the Clinic, it was found that, in some 5 000 ex 
animations, the blood pressure had considerable \anations m other 
wise health) people It was noted that under different environmental 
conditions blood pressure varied The blood pressure varied as follows 
S)Stoltc. about 20 to 30 mm , diastolic, about 10 mm , and the pulse 
pressures \aned to the same extent as the systolic pressure 

The average normal pressures according to our determinations 
between the ages of 15 and 60 years showed progressive increase from 
110 mm to 135 mm Diastolic pressures varied from 70 mm to 90 
mm We considered a sanation of 15 mm above and below normal 
to be within the normal range and took into consideration postural 
changes effect of work whether mental or phjsical, fatigue and emo 
tional stimulation The pressures sitting showed practical l) no change 
from those of recumbency, pressures standing showed an increase in 
the mean blood pressure and a marked decrease in the pulse pressure 
Toxic adenoma associated with high systolic and high diastolic 
pressures vve have come to regard as having an unfavorable prognosis, 
but if the svstolic is high and the diastolic comparative!) low, then 
the prognosis is gencrall) more favorable These cases seem to resemble 
nephritis ttl their hypertensive aspects 

Hypertension and Glycosuria The glycosuria occurring in the 
course of man) cases of Graves disease appears to bear a definite re 
htionship to hypertension and also to emotional disturbances Fein 
blatt (1923) reported that in 2 000 routine blood chemical cxammi 
tions 81 patients were found to have a blood sugar level above O 15 
per cent, onl) 42 per cent of these patients were diabetic It is known 
that a number of circumstances affect the concentration of blood sugar 
under normal and pathological conditions Furthermore, the renal 
threshold for sugar varies in different individuals, so that no definite 
generalization is possible In our observations of normal individuals it 
was impossible to elevate the blood sugar level above 0 17 per cent 
even by the administration of large amounts of glucose 
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As emotional perturbation may cause transient hyperglycemia and 
the renal threshold may vary in the same person at different times, it 
has been our policy at the clinic not to form conclusions on the basis 
of a single blood sugar determination We have found blood sugar 
present most often in those cases of Gras es disease associated with 
hypertension or other marked vascular conditions We ha\e come to 
regard patients of this type as potentially diabetic 

Some patients with Gra\es disease showed glycosuria from time to 
time, although the simultaneous blood sugar reading was normal 
When the sugar tolerance test was performed, varying curves were 
obtained Some were normal, others were typical of diabetes 

In cases of hypertension and hyperglycemia associated with exo 
phthalmic goiter, the emotional element must always be considered, 
but we have come to regard hypertension as the most important factor 
in causing hyperglycemia When true diabetes mellitus develops m such 
cases, it usually runs a mild course, unless gangrene or other vascular 
complications set in 

Blood Pressure in Myxedema As a general rule, the pulse rate 
and blood pressure tend to rise or fall with the basal metabolic rate 
Hence it is not surprising that in myxedema, a disease characterized by 
a marked reduction in the metabolic level, both pulse rate and blood 
pressure drop markedly 

Willius and Haines (1925) reported a careful study of their find 
ings with reference to the cardiovascular apparatus in 142 cases of high 
grade myxedema The basal metabolic readings varied from 10 to 44 
per cent below normal The average pulse rate in this series was 63, 
systolic blood pressure, 110 mm , diastolic pressure, 74, and pulse 
pressure, 36 mm 

After elevation of the basal metabolic rate by thyroid treatment 
until it averaged 4 per cent above normal, the average pulse rate rose 
to 77 The systolic blood pressure was then 113 mm , diastolic pressure, 
68 mm , pulse pressure, 45 mm In other words, the normal cardio 
vascular ratio was restored with the return of a normal basal metabolic 
rate 

Although they found numerous electrocardiographic abnormalities 
which disappeared under thyroid medication and also the deviations in 
blood pressure to which reference has just been made, Willius and 
Haines saw no evidence to justify the hypothesis that a cardiac syn 
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drome characterizes rrqxcdema, nor could the) identif) an) particular 
cardiosascular lesion as due to thyroid insufficienc) 

That arteriosclerosis is a frequent complication of myxedema has 
long been known But Fishberg (1924) has pointed out that, in spite 
of this common association, hjpertension is not the rule in m>xedema 
It has been reported as an occasional accompaniment of this disease 
and, in some instances, reduction m the hypertension was obsened to 
follow the administration of thyroid 

In m)xedema frequent blood pressure readings are important as a 
means of presaging and also a\erting circulator) failure As s)Stohi 
and pulse pressure fall proportionate!) , cardiac failure maj be regarded 
as imminent when the blood pressure is reduced to a marked degree 
As an indication of threatened circulator) disaster, in exophthalmic 
goiter, irregularities of the cardiac rh)thm are more important than 
changes in the blood pressure While the heightened svstohe blood 
pressure places an increased burden on the heart in this condition, the 
great fall of pressure m the peripheral arterial field acts as a com 
pensator) mechanism, serving to reduce the resistance against which 
the heart must pump 

In our experience with disorders of the endocrine S)Stem, the th)roid 
is the onl) gland — excluding the rare condition of Addison s disease 
— disturbances of which produce marked changes in blood pressure 

The PRonixM or Goiter Heart 
Is there such a disease entit) as goiter heart 5 This is a question 
which is often presented to the surgeon who docs man) th)roid oper 
ations Frcquentl) he is asked, or asks himself, Does th) rotoxicosis 
actuall) induce structural changes in a heart preuousl) normal 5 Or 
does it merel) put an added strain upon a heart alread) defectisc the 
cardiac condition then for the first time becoming evident 5 

The cardiac complications of goiter were among the first to be 
noted b) the pioneers in the stud) of th)roid disease Increase in the 
basal metabolic rate, which is the most striking manifestation of 
th) rotoxicosis, is the cause of the tach)cardia — the most common 
heart disturbance noted in conjunction with enlargement of the tb)roid 
gland A rise in the metabolic rate demands a greater suppl) of oxygen 
To obtain this additional suppl) more blood must be sent to the lung 
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for oxygenation Acceleration of the heart rate is the only way in 
which this demand can be met 

Hyperthyroidism is regularly accompanied by an ele\ation of 
pulse pressure, especially noticeable in the exophthalmic type of goiter 
The usual explanation of these and other phenomena ( heat flashes, 
sw eating and abnormal heart sounds) which are the recognized symp- 
toms of thyrotoxicosis is that elevation of the rate of metabolism reacts 
upon the cardiovascular system in such a way as to produce this 
acceleration of the heart beat and increased systolic blood pressure 

Pathologic study of the hearts of goiter patients who have come to 
autopsy have not shed much light upon our problem Though marked 
pathologic changes have often been found, it usually has been im 
possible to prove that they were the direct consequence of the thyroid 
intoxication Hypertrophy, especially of the left ventricle, has been 
noted and recorded, but congenital anomalies, valvular defects or other 
cardiac lesions were generally present as well, making it impossible to 
tell with accuracy whether the thyrotoxicosis had any share in bringing 
about the structural defects or whether they were merely congenital 
or acquired lesions, the association with thyroid disease being largely 
accidental 

An analysis of the heart sounds reveals that the systolic murmurs 
over the heart region, heard best at the apex and at the third left 
intercostal space, are ' blowing in character and often show variations 
in their transmission Though the systolic murmurs at the apex very 
probably indicate a relative mitral insufficiency, the fact that they can 
only faintly be heard w’hen the subject is resting with muscles relaxed 
and are entirely stilled when the thyrotoxic condition has been relieved 
•itwAA sAvwwgbj Viw. cwaotwass h/ew t wAwwzAe vd.iAvaw 

to the circulatory rate 

It has also been noted that, when an adenomatous goiter is present 
uithout thyrotoxicosis, the presence of essential hypertension is really 
a forewarning of the occurrence of hyperthyroidism The coincidence 
of an enlarged thyroid, the characteristic symptoms of non toxic goiter 
and hypertension can be understood only as making up a syndrome pre 
ltminary to the cardiac condition of which hypertension is a regular 
accompaniment 

The cardiac hypertrophy which may be termed the chief secondary 
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heart complication of thyroid disease is in no way pathognomonic of 
goiter X ray examination will show a general rounding enlargement 
not characteristic of any one ailment Often the electrocardiogram will 
be perfectly normal, but more frequently there will be evidence of 
pathologic conditions in the left ventricle, very exceptionally in the 
right ventricle Cardiac weakness will cause dilation eventuating in 
permanent enlargement 

Clinical observation, as well as pathologic study, has shown that the 
auricular fibrillation and flutter which are relatively common findings 
in thyrotoxicosis are transient rather than persistent m character Tran 
sient fibrillation is often seen after thy roidectomy In what is known 
as postoperative thyroid shock, a tremendous acceleration of the 
ventricular rate will be associated with it Such paroxysmal fibrillation 
probably depends upon some degree of myocardial injury The per 
sistent type of fibrillation, which can be relieved temporarily by medi 
cation but tends to recur when treatment is stopped, is undoubtedly 
the product of a definitely and permanently impaired myocardium 
Transient fibrillation may be brought on by overexertion and is often 
observed by the patients themselves to be directly associated with some 
exacerbation of the toxicity of the goiter 

We have noted that among our patients auricular fibrillation is 
more frequent when the toxic goiter is of the diffuse nodular type rather 
than of the hyperplastic (exophthalmic) type The only explanation 
we can offer for this finding is that in the nodular type the intoxication 
is gradual, the process in most instances slowly increasing in intensity 
over a period of years Patients suffering from this type of goiter arc 
not often seen by the surgeon until the disease has been in progress for 
a long time The average interval (as computed from our records) be 
tween the date the patient first noted the enlargement and the date of 
/he operation » as J 6 years 

The hyperplastic cases, on the other hand, are far more fulminat 
tng Because of the severity of the symptoms and the disability re 
suiting from them, the hyperplastic goiter patient comes early for help 
Our records show an average period of 16 months between onset and 
entrance to the clinic for this type of hyperthyroidism 

It is because these hyperplastic cases develop a symptom-complex 
which alarms the patients and his friends relatively soon after the in 
ccption of the disease that the operative results are uniformly better. 
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notwithstanding the greater sevent) of the condition A gradual en 
Iargement of the neck with slow ly developing thyrotoxic s)mptoms does 
not cause anj special inconvenience to the a\ erage person Social and 
economic considerations are likelj to influence him against going to 
the doctor As time passes he becomes accustomed to the condition 
and so it is not until irremediable damage has been done to the cardio 
vascular system that a full realization of the gravity of the affliction is 
forced upon him Such a patient will often be well on m the fourth, 
or even in the fifth decade of life, so that the heart trouble when it 
occurs in women is not infrequently considered a premenopausal mam 
festation and its real significance total!) ignored 

When such a patient finally does come to the surgeon, the latter 
will be powerless to give the relief he could easil) have afforded 5, 10, 
or 15 jears earlier The h)perplastic goiter patient, on the other hand, 
by seeking the early relief of hyperth) roidism b) adequate surger), will 
usually escape serious cardiac damage It has been the experience of 
our clinic that auricular fibrillation, if of recent origin, disappears en 
tirely after thyroidectom) and \er) seldom recurs But if the fibrillation 
is of long standing, though it maj disappear after operation as soon as 
the patient undertakes any unusual effort there is likely to be a return 
of the preoperative symptoms 

Decompensation should not, howe\er, be regarded as a contra 
indication to thy roidectomy For years goiter surgeons have recognized 
this fact and realized that, no matter what type of thyroid disease is 
immediately responsible for the decompensation, it will be a benefit 
rather than a detriment to the heart condition to abolish the source of 
intoxication 

A number of our patients who had aecurnpensafuin before thyroid' 
ectomy was done are now ah\e and in good condition, as long as 12 
to 14 years after operation For the reasons previously outlined, the 
type of thyroid disease will, however, have a decided effect on the pa 
tients life expectation If the thyrotoxicosis has been present for a 
long time, there probably will be such structural changes in the heart 
that it cannot carry on its functions for any great length of time How 
many of these patients may have had structural defects m their hearts 
before the thyroid became overactive, we have no accurate means of 
gauging, but it is probable that their number is not inconsiderable 

On the other hand, there is a sufficiently large number of patients 
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having decompensation before thyroidectomy who are permanent!) 
relieved of heart symptoms after operation to argue strongly in fat or 
of the theor) that there j$ such an entity as ' goiter heart This does 
not mean precisely the same thing as that condition seen m the endemic 
goiter regions of Europe, concerning which so much was written in the 
early history of thyroid disease That type of goiter heart was for 
merly attributed to mechanical factors, such as compression of the 
cervical blood \ essels and the trachea, or to chemical factors — a special 
toxin supposed to be elaborated by the thyroid gland or the suppositious 
poisons which were held responsible for the overactivity of the gland 
itself 

These theories were, of course largely abandoned when an under 
standing of the processes of metabolism became generally diffused 
among the medical profession As no metabolic studies are available 
for these earlier cases, we have no means of knowing how important 
a factor mild hyperthyroidism may have been in the production of the 
cardiac state which was then called goiter heart At any rate, vve 
now know that the thyroid deficiency seen so frequently m goiter 
regions can of itself, by virtue of its effect upon blood pressure as 
well as upon the kidneys and the intima of the arteries, seriously affect 
cardiac function 

We have all probably had the experience, when examining for the 
first time a patient who has suffered for a long period from a slow 
growing hyperthyroidism, of finding a normal basal metabolic rate 
but 3n abnormal heart rate We have no means of ascertaining whether 
or not the metabolism was abnormal before the patient came under 
observation Neither can vve be sure, especially if the patient is a woman 
in middle life, that the hyperthyroidism which we now find is wholly 
responsible for such cardiac abnormalities as are in no way distinctively 
the resuft of thyrotoxicosis 

Myocardial disease is a relatively common finding at that age period 
quite irrespective of thyroid conditions, and result from the vascular 
changes which then take place and for which we can assign no more 
exact cause than age Nevertheless, the evidence at present available 
strongly indicates that a persistent hyperthyroidism, even if the initial 
examination shows no thyrotoxicosis, is a potential, if not an actual, 
threat to the integrity of the heart 
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CHAPTER XII 


ANESTHESIA IN THYROID SURGERY 

S uccessful thyroidectomy requires the judgment of the experienced 
anesthetist Numerous methods of anesthesia for operations on 
the thyroid gland have been advocated and several different procedures 
have been found to provide satisfactory working conditions for the sur 
geon as well as safety for the patient Since 1920, approximate!) 
15,000 goiter operations have been performed at the DeCourcy Clinic 
under various methods of anesthesia After a thorough trial of local 
anesthesia in 500 cases, and of ether and a number of other methods 
we have given all these up in favor of nitrous oxide and oxygen, which 
we began to use in 1925 Among its many advantages are the rapidity 
with which it takes effect, the promptness of recovery, and the easy 
regulation of dosage With this type of anesthesia it is possible to 
deepen or lighten at will the degree of narcosis Postoperative vomit 
mg is infrequent and postoperative hemorrhage very rarely occurs 
The chief disadvantage of local anesthesia, which is favored by 
many on account of its lack of toxicity, lies in the fact that these pa 
tients, being very nervous and excitable, often cannot tolerate an oper 
ation done while they are in a conscious state In addition, local anes 
thesia has often been found inadequate during the stage at which the 
lateral lobes of the gland are elevated, and the surgeon on the whole 
Yias 'itss ireeiom tor rapid manipulation 

Because of the frequency with which a damaged myocardium is 
present in these operations, an efficient airway is a une qua non for 
their execution This is best secured by the free flow of oxygen obtain 
able under nitrous oxide combined with oxygen, which can be given in 
any proportion desired, with variations from moment to moment ac 
cording to need 

Nitrous oxide has a low toxicity With oxygen in straight mixture, 
it is non explosive These are additional advantages which are univer 
sally recognized 

Thyrotoxic patients have a high oxygen requirement as a result of 
[ 329 ] 
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elcsation of the basal metabolic rate, and anoxemia must be regarded 
as one of the greatest of all dangers in surgery of the thyroid gland 
It must also be remembered that respirator) obstruction still increase 
the bleeding in the operatise field E\cn h)perextension of the neck, 
to obtain satisfactor) exposure of the th) roid gland, tends to produce 
larjngeal obstruction An) analgesic or anesthetic which promotes 
lar)ngeal spasm or otherw ise ma> increase the probabilit) of obstruction 
of the airwa) must be regarded as unsuited for operations on the th) 
roid Postoperatise reactions following the use of certain anesthetics 
must also be taken into consideration And in these regards, it ma) be 
emphasized, nitrous oxide and ox)gen anesthesia — as extensise cx 
perience has established — is eminentl) safe The anesthetist skilled in 
the administration of this t)pe of anesthetic has no difficult) in regu 
lating prccisel) the depth of narcosis or in controlling an) tendenc) to 
anoxemia 
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Intratracheal Anesthesia 

Intratracheal anesthesia should be employed in operations on intra 
thoracic goiters and may be indicated whenever there is marked de\ia 
tion of, or pressure on the trachea Obstruction of the airway is es 
pecially likely to occur during the extraction of intrathoracic extensions 
of the thjroid gland Extraordinarily large goiters, large adenomas 
and extensive neoplastic growths may cause compression or deviation 
of the trachea sufficient to necessitate the employment of the endo 
tracheal method of anesthesia In secondary operations (as m recurrent 
hyperthyroidism), unilateral or bilateral paralysis of the \ocal cords 
may be a factor, injury to the recurrent laryngeal nerves may lead to 
acute obstruction 

Because of the possibility of partial or complete obstruction of the 
airway during the course of the operation, it has been advocated by 
many surgeons that an intratracheal tray may be held m readiness when 
ever the thyroid gland is being operated upon A laryngoscope and 
intratracheal tubes of different swes would thus be quickly available in 
the event of emergency, and there would be but slight delay in estab- 
lishing an airway For thyroid operations on children, some regard 
intratracheal anesthesia as the method of choice 

A number of authorities have pointed out the danger that oxygen 
intake may be become inadequate following heavy medication with 
opiates and barbiturates as basal anesthesia for a bilateral operation 
under local anesthesia Intratracheal intubation and administration 
of oxygen (or oxygen and helium [Eversole], 1938) may become 
necessary 

Intratracheal anesthesia thus may serve to prevent dangerous res 
piratory embarrassment in patients with partially obstructed airways, 
the viscious cycle of hypoxia and narcosis, leading to serious anoxemia, 
may be avoided when obstruction occurs suddenly during the oper 
ation When administration of oxygen has brought relief and the pa 
tient s struggle to breathe has subsided, usually the operation can be 
resumed safely under intratracheal anesthesia 

Roentgenograms of the neck and chest and examination of the 
vocal cords (if there is reason to suspect abnormal laryngeal function) 
should, of course, provide the surgeon and the anesthetist with the 
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information necessary to determine preopera lively whether or not there 
is an) indication for intratracheal anesthesia 

PRELIMINARL SEDATION 

The nervousness, anxiety, and other ps)chic s)mptoms presented 
b) the great majorrt) of th)roid patients necessitate adequate prelim 
mar) sedation well in advance of operation Such sedation serves not 
onl) to calm the patient, alia) fears and bring the general emotional 
tone down toward the normal level, but also to lower the metabolic 
rate and heart rate In all probabiht) there also results some beneficial 
inhibitor) effect upon the activit) of the medullar) portions of the 
adrenal glands Man) surgeons and anesthetists have consistent!) ob 
tamed satis factor) results with morphine sulfate and a barbiturate, 
such as pentobarbital sodium Scopolamine hjdrobromide ma) be ad 
ministered along with the morphine The depressant effect of morphine 
on the respirator) s)stem is to some extent counteracted b) scopolamine, 
which also depresses salivation, promotes amnesia and increases the 
narcosis induced b) the former Atropine may be used instead of 
scopolamine The dosage of narcotics and sedatives must be varied, in 
all such preliminary medication, according to the age and condition 
of the patient (metabolic rate, vigor, degree of nervousness) Some 
clinicians prefer to administer basal sedatives b) rectum, but desirable 
flexibility of administration may be afforded by the giving of divided 
doses hypodermically and orally A common procedure is to administer 
pentobarbital sodium the night before operation in a dose of 1/2 or 
3 grains (0 1 or 0 2 Gm ), so as to insure a good rest The sedative 
ma) be administered again in suitable dosage on the morning of the 
operation, or it may be given a quarter hour after the h)podermic ad 
ministration of morphine sulfate, % gram (0 01 Gm ) and scopolamine 
hydrobromtde, 1/150 grain (OOOOi Gm ) when these narcotics are 
given an hour and a quarter before the operation Pentobarbital so- 
dium increases the sedative and amnesic effects of morphine and scopo 
lamme (Some authorities recommend that atropine, 1/150 gram 
(0 OOO-f), be employed rather than scopolamine ) Tor deeper necrosis 
when the patient reaches the operating room, it may be necessary 
to administer another dose of morphine and scopolamine (or atropine), 
or additional doses of pentobarbital sodium, in 2 5 per cent solution, 
may be given intravenously, depending upon the condition of the 
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patient Dosage and timing of administration of preliminary medication 
should be carefully considered so that the patient reaches the operating 
room in the desired state of drowsiness or somnolence 

Intravenous pentothal has been found quite satisfactory by some 
surgeons and anesthetists for preliminary medication At the University 
Hospitals in Minneapolis, the following procedure has been favored 
For 2 or 3 days before operation, 1,000 cc of 5 per cent glucose in 
saline solution is given intravenously On the day of operation, the 
patient receives a liquid breakfast and intravenous glucose solution, 
just before the infusion is completed, intravenous pentothal is admin 
istered through the same infusion needle After the patient has fallen 
asleep, he is taken to the operating room, and inhalation anesthesia is 
begun (Rea, 1944) 

Anesthesia in Operations Following Treatment 
with Thiouracil 

Frequently the thyrotoxic patient who has been treated with thioura 
cil for 2 months or more will be found to be in a state of hypothyroidism 
when he comes to operation It is necessary for the anesthetist to 
hold this possibility in mind In such cases the basal metabolic rate 
may have dropped below normal and there may have been a large gain 
in weight If hypothyroidism actually exists, it would seem advisable 
to administer only light premedication, no basal narcosis, and light 
anesthesia for the operation Postoperative sedation should also be 
minimal Heavy medication and deep anesthesia may be expected to 
cause undue depression when the patient is almost if not quite myxe 
dematous rather than thyrotoxic On the other hand, it would appear 
unsafe to assume that, as a ru'ie, ah previously thyrotoxic patients ate 
no longer in the hyperthyroid state when they come to operation after 
prolonged treatment with a goitrogenic drug 

Local Anesthesia 

Local and regional anesthesia may be used successfully in a con 
siderable percentage of thyroid operations Supplementation with a 
general anesthetic is generally necessary, however, and nitrous oxide 
and oxygen are to be preferred to other agents (Adams and Dixon, 
1944) Adequate premeditation is essential to control the emotional 
reactions of the patient, deep narcosis may be required, so the assump 
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tion that local anesthesia produces a minimum of sccondar) toxic 
effects would not seem justified in a large percentage of cases In cer- 
tain clinics, local infiltration of the neck is done in all procedures of 
thj roidectom) , Dinsmore and Shod) (1911) have recommended the 
use of 0 75 per cent nosocaine Adams and Dixon have adopted the 
method of blocking the superficial cemcal plexus bilateral!) with 
1 per cent solution of procaine h)drochIonde (or mct)came), the 
region of the incision being infiltrated with a 0 5 per cent solution of 
the same drug When the lobes are being delivered and when traction 
is made on the th>rotd gland, the discomfort of the patient must be 
relieved b) administration of nitrous oxide and oxygdrr In'the aged 
patient, nitrous oxide and ox>gen have been found most satisfactor) in 
conjunction with local anesthesia, according to the experience of Dins 
more and Shiv el) 

In patients who must be regarded as extremcl) poor risks, com 
pktc cervical block has been cmplo)cd b) some surgeons One per cent 
solution of procaine or met)caine is injected bilateral!) into the second, 
third and fourth cervical nerves and into the superficial cervical plexus 
and the region of operation is infiltrated w ith a 0 5 per cent solution of 
the same agent 

A vital problem in local anesthesia is that of the duration of the 
anesthesia Because man) th)rotd patients are hjpcrsensitive to epine 
plume (and other vasoconstrictors), the use of a vasoconstrictor in the 
local anesthetic solution must be regarded thcoreticall) as absolutcl) 
contraindicated If, however, the patient is well prepared we have found 
that a small amount of adrenalin solution 1-1000 added to the 3nes 
tlietic is not harmful 


Ethcr 

According to Adams and Dixon (1914), most surgeons agree that 
as a rule ether is not a desirable agent for routine use in th)roid sur 
ger) The) pointed out, however ’ if it is felt that an inhalation ancs 
thctic agent is indicated (perhaps with an intratracheal tube) moderate 
amounts of ether ma) be administered with comparative S3fct) to a 
patient for whom a gaseous anesthetic agent is inadequate Gape and 
Welch (19 12) also favored limited use of ether m these operations, 
and Nicholson stated more recent!) (1915) The test of time finds 
anesthetists returning more and more to ether anesthesia for th)rotd 
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operations The latter author expressed the belief that ether oxygen 
mixtures are especially valuable in anesthesia of thyrotoxic patients 
with signs of myocardial damage because of the comparatne freedom 
from cardiac irritation when such mixtures are used Certain surgeons 
and anesthetists have adopted the procedure of induction with a gaseous 
agent, maintenance anesthesia afterwards being provided by light con 
centrations of ether or a combination of ethylene ether or cy clopropane 
ether The hazards of explosion have been emphasized by Horton 
(1941), who also has described in detail the precautions which must 
be taken 


Ethylene and Ether 

Ethylene has been employed extensively at the Lahey Clinic (Nichol 
son, 1945), a mixture of 80 per cent ethylene and 20 per cent oxygen 
being used for rapid induction for ether anesthesia Because of the in 
flammability and explosibility of ethylene, the same precautions as with 
ether become indispensable 

C\ CLOPROPANE 

Because anesthesia with cyclopropane can be maintained with a 
comparatively high concentration of oxygen and because postoperatn e 
recosery is rapid, this agent has received extensive trial in thyroid 
operations Practically any abnormality of the cardio\ascular system 
however, is a contraindication to the use of cyclopropane Cope and 
Welch (1942) stated that this anesthetic is absolutely contraindicated 
in thyrotoxicosis, because of the frequency with which it induces \en 
tricular fibrillation Cole (1944) has expressed a similar conclusion 
Pharmacological studies have shown that cyclopropane has an apparent 
stimulating effect on the parasympathetic system, so that there may 
eventuate respiratory depression extrasystoles in thyrotoxicosis, brady 
cardia, and, occasionally , \ entricular standstill Such adverse effects may 
not be associated with the use of low concentrations (10 per cent) 
of cyclopropane in combination with oxygen (30 per cent) and 
ethylene (60 per cent), such mixtures ha\e been employed with ap- 
parent safety in many operations in sarious clinics, for induction 
Whereas cy clopropane is highly explosible, it has been stated that a 
mixture of the three gases in precisely these proportions is non 
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explostble Nevertheless, it would seem wise to remember that the 
proportions would change as the gases mix with air 

iNTRAVfNOUS ANrSTHEMA 

During the past decade, intravenous pentothal sodium anesthesia 
has been employed more and more extensively for almost all types of 
surgery, and it has found favor among a considerable percentage of 
thyroid surgeons Under certain conditions, its use may have certain 
advantages not afforded by some other methods of anesthesia there 
need be no restriction to the amount of oxygen administered and, at 
least rn certain cases, the metabolic processes of the thy rotoxic patient 
are not adversely affected Comparative freedom from nausea and 
vomiting has also been regarded as an especial advantage of pentothal 
sodium anesthesia But nitrous oxide and oxygen offer the same ad 
vantages without having the decided drawbacks of pentothal sodium 
used as the sole anesthetic agent Large amounts of pentothal sodium 
arc required by hyperactive patients, so that postoperative sleep is 
unduly prolonged, with restlessness and excitation during recovery 
In intravenous anesthesia the laryngeal reflexes arc usually still active 
Hence, where there is need to establish an airway quickly, as for ob 
struction of the respiratory tract, the insertion of an intratracheal tube 
may be difficult or even impossible without trauma In fact, laryngeal 
spasm may occur following anesthesia with pentothal sodium and cause 
obstruction of the respiratory tract Moreover, the drug characters 
tically causes some degree of respiratory depression 

Intravenous pentothal sodium has been used to best advantage as 
an adjunct to other methods of treatment The drug has been employed 
to effect a rapid induction to inhalation anesthesia Satisfactory results 
have been reported in cases in which a combination of intravenous 
pentothal sodium and a mixture of 30 per cent nitrous oxide and 
50 per cent oxvgen was used A combination of 60 per cent ethylene 
and pentothal has been employed to some extent also Some surgeons 
have recommended the administration of pentothal sodium to un 
usually apprehensive patients, a local or general anesthetic being ad 
ministered before operation According to Nicholson (1915), In 
the future, pentothal alone or in combination w ith one of the gaseous 
agents may enjoy a wide field of usefulness in the production of 
thyroid anesthesia * 
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Tribromethanol in Amylene Hydrate (Avertin) 

Avertin has been used in a number of clinics as a non volatile agent 
for the production of basal anesthesia for thyroid operations, but it is 
gene rail) recognized that there are man} absolute contraindications 
to this drug m thyroid surgery circulator) disorders, renal conditions 
hepatic insufficiency (almost characteristic of the thyrotoxic state) , and 
age (above 50 years) Some, however, regard avertin as of value in 
overcoming the purely nervous symptoms of certain thyroid patients, 
particularly certain psychotic thyrotoxic patients Others have stated 
that the drug is helpful in the form of heavy premedication of chil 
dren with hyperthyroidism Nevertheless, it remains indisputable that 
response to avertin is unpredictable, counteraction of untoward effects 
is all but impossible once the drug has been administered, and, when 
used as a basal anesthetic, it generally fails to reduce the pulse rate of 
the thyrotoxic patient Cope and Welch (1942) listed the drug 
among the agents absolutely contraindicated in thyrotoxicosis and 
advanced the following explanation Avertin produces inadequate 
oxygenation through direct effect on the circulatory system and the 
respiratory center It also causes liver damage, an effect particularly 
undesirable in patients with impending hepatic insufficiency of thyro 
toxicosis The toxic effects of avertin are similar to those of chloro 
form and ethyl chloride and include, besides those mentioned, damage 
to the renal tubules and possibly ventricular fibrillation 

Spinal Anesthesia 

Spinal anesthesia has been employed not only in the management 
of postoperative thyroid crisis (Cede, 1936, Bartels, Stuart and John 
son, 1940) but also as an adjunct to the operative management of 
severe hyperthyroidism (Rea, 1944, Knight, 1945) This type of 
anesthesia was first suggested by the theory that hyperactivity of the 
adrenal glands plays a prominent role in the syndrome of hyperthyroid 
ism In consonance with this theory, an effective spinal anesthesia 
should inhibit medullary adrenal releases during the operation and 
should therefore aid in preventing severe postoperative reactions 
Using a combination of intravenous pentothal and inhalation anes 
thesia (ethylene or cyclopropane) together with procaine (spinal 
anesthetic), Rea and also Knight found it possible to do bilateral sub 
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OPERATIVE CONSIDERATIONS 

I N RECENT years, the mortality rate associated with operations for 
thyrotoxicosis has been reduced to a very low level in the larger 
clinics, and this reduction is attributable in great part to improved pre 
operative medication with iodine and thiouracil or prop) Ithiouracil 
adequate treatment of complicating disorders, proper timing of the 
operation, and improved postoperative management Emphasis upon 
such factors, however, has tended to obscure the vital importance of 
the factors of surgical experience, knowledge and skill The major 
operative techniques employed toda) have been worked out with ex 
cccding care and brought nearer perfection during a period of decades 
Obvious)), no matter bow good the preoperative and postoperative care 
the wisdom and skill of the surgeon remain the most important factors 
in the attainment of a ver) low mortality rate in thyroidectomy The 
mortality rate in thyroidectomy will not be gratifyingly low in oper 
ations performed outside the special thyroid clinics until a greater 
number of general surgeons carefully study the details of and practice 
a standardized, up-to-date and safe technique whose value has been 
established by its results in a large number of cases 

Although at present there is a trend toward the exclusively medical 
management of toxic diffuse goiter with thiouracil or propylthiouracil 
surgery nevertheless remains the established, sure approach to the 
highest rate of permanent remissions or cures In view of the pro 
longed period of medication with a thio drug and in view of the per 
centage of relapses (early or late) as recorded in the newer literature 
thyroidectomy would seem to be still not only the surest but also the 
most convenient and least expensive safe method of treating toxic 
diffuse goiter 

As regards toxic nodular goiter, there is no doubt that thiouracil 
or propylthiouracil bring about a gratifying amelioration of symptoms 
and signs of toxicity But no drug that will remove a nodule or adenoma 
[MO] 
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Fig 56 Special instruments used for thyroidcctom) 
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from the thyroid gland has as yet been disco\ered The danger of the 
development of carcinoma is ever present — and, indeed, may even be 
increased by medication with a goitrogenic drug (page 158) unless a 
til) roidcctomj is performed 

lurthcr, and we feci that this point must be stressed, against the 
possibilit) that at least a certain percentage of physicians inexperienced 
in the treatment of thyroid disease ma) be tempted to treat e\er) goiter 
or th)roid tumor with one thio drug or another Surgery — early sur 
gery — es cfaffrrrtafy mefitsteef nr enres 1 of dt&xctc acArnormr, irrCnroWnrtft 
goiter, thjroglossal tumors, cysts and sinuses, lateral aberrant thyroid 
bodies, and, of course, all types of cancer of the thyroid gland 

Our experience in thousands of cases has enabled us to develop 
refine and standardize the operative techniques described in the fol 
lowing pages Our work has, of course, benefited greatly by the im 
provements suggested by the reports of leading surgeons, although 
naturally our own findings and operative results have led us to design 
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Fig 58 Local anesthetic 


and progressively to develop our own special modifications of funda 
mental procedures and to work out original basic refinements whose 
value lias "been established by operative results and follow up studies 
through extended periods of time 

Technique of Bilateral Thyroidectomy 
1 With the patient in the reverse Trendelenberg position, the in 
cision is usually made in one of the lower creases of the neck It 
should however not be so low as to sag down at a later time below 
the natural lowest skin crease Too much curvature is to be avoided 
Tire kntfe should be drawn across the neck with an atm motion, which 
does not bend the hand at the wrist so as to prevent a feathering of the 
skin margins and thus to permit a better connective result The incision 
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should be carried through the closel) adherent platjsma to facilitate 
blunt dissection (Fig 59) 

Small bleeders or oozing spots in the shin flap are grasped with 
small hemostats and coagulated This procedure eliminates ligation 
which frequcntl) becomes troublesome later because of qstic accumu 
lation about the catgut 



Care should be taken to cut into the fascial plane between the 
plat)sina and fascia on the anterior surface of the ribbon muscles 
In order to avoid severing the cutaneous nerves, which accident would 
result in later numbness and in paresthesias that sometimes extend 
from the chin downward, the shin flap should not be raised laterally 
more than just enough to make a V between the lateral ends of the 
incision and the highest point of the midhne 

2 It is seldom necessarv or desirable to sever the ribbon muscles, 
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but in the hands of a less experienced operator such a division may 
for a time be the safer course until greater proficiency is gamed In 
such a case, the division should be made high up and as near the 
larynx as possible in order to reduce the possible damage to the nerve 
supply of the upper portion of the muscle After experience has been 
been gamed sufficient visualization is obtainable if the longitudinal 
incision of the fascia is carried well up o\er the laryngeal cartilage 
(Fig 60) Previous to the days of lodinization it was difficult to 
raise the hyperplastic gland and therefore necessary to divide the ribbon 
muscles 



Occasionally today we diwde the muscles when operating on \ery 
large substernal goiters or those which because they are iodine fast 
fail to undergo colloid imolution These indications are however 
relatively rare 
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3 Blunt dissection o\er the gland with the fingers facilitates de 
liter) No attempt is made to go around the gland, because in doing 
this there is danger of tearing the lateral \etn and also of traumatizing 
the recurrent larjngeal nerse (Fig 61) 



A definite strip must be left on each side toward the back of the 
gland, m order to presene intact the parath)roids and the recurrent 
lar>ngeal nene If bj chance a parathjroid is damaged, the accidental!} 
dissected gland should be immediate!) re implanted One should asoid 
the removal of an) fat like processes, because the exact position of the 
parath)roids is not al\\a)S predictable In the e\ent of injury to 
the laqngeal nerse, as resealed b> a change in the t)pe of breathing 
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the nerve should be repaired at once, if it is cut, it must be sutured 
If a clamp is exerting pressure on it, the clamp must be remosed 
4 Elevation of the right lobe can usually be accomplished to a 
point sufficient to apply the traction forceps by use of a mouse tooth 
tissue forceps After applying this and elevating the lobe with the 



traction forceps the sternoth}roid muscle, which is adherent to the 
side of the gland is wiped down with a piece of gauze as the lobe is 
being elesated 

5 The superior pole is next dissected free and a double strand of 
No 2 chromic catgut passed above the pole and tied, thus the superior 
atter) is secured Before the carrier is passed around the pole, the 
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In doing a number of dissections on the cadaver we has c found this 
to be unnccessar) and undesirable for 2 reasons First the arter) fre 
qucntl) divides some distance above its entrance into the gland and 
there is some danger of injuring the nerse because of the added trauma 
Second because of the poor exposure at this point retraction of the 
arter) frequent!) occurs after the damp is applied and makes ligation 
not onl) difficult but also hazardous besides slipping of the knot is 
encouraged so that primar) or secondar) hemorrhage maj result 
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Fig 64 This illustration shows the various relationships of the recurrent nerve 
to the inferior thyroid \esscls Also the trianguloid depression where the in 
ferior thyroid artery enters the ghnd This depression if carefully avoided 
in placing the clamps along the lateral surface of the lobe will absolutely 
prevent injury to the recurrent nerve or the parathyroid glands 


If the finger is passed under the superior pole and the pole is raised, 
the carrier is passed only around the vessels and there is no danger 
to the nerves or trachea In the examination of 10 cadavers ligated in 
this manner with subsequent inspection, the superior laryngeal nerve 
was not included m the ligation in any instance 

6 After the elevation of the right lobe and ligation of the superior 
artery, the superior pole is incised with a knife proximal to the Iiga 
ture This incision facilitates further elev ation of the gland and permits 
more e'en dissection, thereby lessening the chance of leaving too much 
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glandular tissue at the superior pole and fa\oring a recurrence at this 
site 

Straight mouse toothed hemostats are applied along the side of the 
gland at right angles to the trachea These {lemostats clamp the 
branches of the inferior arter) and \eins as they penetrate the gland 
11 e late denied and extensnely employed a uodifcitron of tic 
usual procedure tn tie pi tang of t! ese clamps (Tig 65) To m tkc 



Iig O Hemostats on brand es of infer or arter) and \en 


doubly sure flat tie clamps in etery instance bite sate thyroid tissue 
at ue reach tie tnan^ulnd depression it tie site u! ere tie inferior 
tl y rotd artery hr mcl t s to enter tf e gl i id tie ( lace t! e clamps around 
and shglth but definitely beyoid lie rtm of tits depression Tl is 
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refinement in technique greatly aids in reducing to a minimum the risk 
of damage to the recurrent fieri e 

The trunk of the inferior artery is not exposed We still feel that the 
ligation of this trunk lessens or entirely destroys the blood supply of 
the parathyroid bodies and encourages the development of tetany 
The question of the amount of gland to remove is always contro 
vcrsial It is better to remove too much than too little because the re 
maimng portion will usually hypertrophy to an extent sufficient to 
maintain normal body metabolism As a rule in our opinion, not less 




352 


THE THYROID GLAND 


plane with the anterior surface of the trachea when the gland is ele 
\ated at the time the clamps are placed 

7 The right lobe is then dissected from without inward until the 
trachea is reached The surgeon then usuallj disregards the right lobe 
and proceeds to dissect the left lobe leasing the trachea until the 
last Instead however, we continue the dissection of the right lobe all 
the wa) across the trachea and slightl} under the left lobe When the 



trachea is reached a little traction discloses a line of cleavage and dis 
section of the isthmus is greath facilitated without damage to the 
trachea (Tig 67) 

8 After the trachea is crossed traction upon the right lobe and 
isthmus automatical!) lifts the left lobe from its bed and in this wa> 
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eliminates the trauma which is sometimes required during the effort 
to raise the left lobe By this method, it is usually possible to elevate 
both lobes with thumb forceps onl) (Figs 68 and 69) 

9 After subtotal thjroidectom), the clamped vessels are ligated 
individual!) with No 0 chromic gut If it is thought necessar), some 
of the sutures may be anchored No attempt is made to close over 
the anatomical capsule of the gland Instead, the sternothj roid muscle 
is sutured on either side to the pretracheal fascia with No 00 plain 



Tig 68 Elevation of left lobe b) traction upon right lobe after trachea has 
been dissected free 

catgut (Fig 71) This muscle not only acts as a hemostatic agent 
controlling an) seepage from the gland surface, but prevents the for 
mation of any overl) mg adhesions to the gland itself as w ell Since w e 
have adopted this procedure, we have eliminated drainage in all but 




lip 69 further election of left lohc bj tnction on right lobe 


the very exceptional case in ^ Inch a large cavity remains after removal 
of an intrathoracic goiter 

In our last series of 2,<K)0 cases vve have not drained thy roidcctom) 
wounds, there being very few exceptions (less than 1 per cent), and 
have tbcrcbj lessened the convalescent period considerably 

10 The ribbon muscles arc next sutured vcrticall) and the shin is 
closed with clips, to be removed in 72 hours 

The principal accidents to be guarded against arc hemorrhage 
injuries to the parathyroids or to the recurrent laryngeal nerve, collapse 
of the trachea, and air embolism through the large veins of the neck 
In the c\ent of a collapse of the trachea, a tracheotomy must be done 
instantly Such accidents can be almost entirely avoided by the adoption 
of and adherence to a scrupulously careful technique 
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Amount of Gland to Remove 
If too little thyroid tissue is removed in thyrotoxicosis, the disease 
will persist or recur. Fear of myxedema may make the less experienced 
surgeon overcautious. It must be remembered that many patients will 
never be persuaded to undergo a second operation no matter how 
great the need for it. On the other hand, the removal of an excessive 
amount of thyroid tissue may be expected to result in myxedema, which 
may involve personality changes. As revealed by a review of the liter- 
ature of the past decade, the consensus is that it is the better part of 
wisdom to run the risk of removing too much rather than too little of 
the thyroid, because in all probability the gland will undergo sufficient 
regeneration to prevent myxedematous changes. 
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lig 71 Suture of sterno thjroul muscle to pretracheal fascia 


Lahe) (19)2), who has carefull) studied the problem, concluded 
that a correct decision can be made on the basts of the degree of in 
solution which has been effected b) Lugol s solution before operation 
In the case of patients in whom the iodine-effected involution of the 
pland is of hiph depree, as ascertained b) pross appearance of the 
th)rotd (pale, edematous tissue), he would remove relative!) less 
tissue, because the rcpcnerJtivc capacity of such tissue has been re 
duccd to a low level In patients m whom involution is of low depree, 
as shown bj the brownish red and celJuljr appearance of the fh) roid 
tissue, he would remove a larpe quantity, such tissue having a marked 
capacity for regeneration, if too much is left at operation, the return 
of excessive th)roid activity becomes highlj probable 

According to Pool and Garlock (1931), there seems to be little 
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doubt that the occasional thjroid surgeon, not a specialist, will ha\c a 
high recurrence rate, because of inadequate removal of the gland He 
is afraid of injuring the parath)roids and the Iar)ngcjl nerve, and ju 
addition he has not vet developed a standard procedure He ma) 
therefore expect roan) recurrences before he has learned to operate 
cfficientlj and adequatel) in this disease Pool and Garlock themselves 
reported a recurrence rate of 9 3 per cent in a senes of 171 primar) 
resections * 

Our own conviction is that it is as a rule much better to make sure 
of removing th>roid tissue in an amount sufficient to prevent a recur 
rence of the h) perth) ro id ism than it is to be apparentl) conservative 
and so remove too little of the gland An) degree of h)poth)roidism 
that ma) result from the removal of an excessive th)roid tissue is rcadil) 
controlled b) the administration of desiccated th) rotd at the proper 
dosage level Whereas the advent of thiouracil and prop)lthiouraciI ma) 
be changing the situation to some extent, surger) still remains the onl) 
sure means of permanent i) relieving h) perth) roidism This point is 
worth) of reiteration It is difficult if not impossible to persuade a 
patient to undergo a second time a procedure which has alread) failed 
to bring relief 

Possmu Errors on ntt Operating Table 

The error most frequent!) made b) the less experienced surgeon is 
the failure to recognize signs of excessive toxicit), as Cole (1911) has 
pointed out in his recent discussion of the factors determining the mor 
taltt) rate in operations for th)roto\icosis Of course, toda) patients 
arc given preoperative care that represents a vast improvement on 
former methods of preparation for operation Adequate medication 
with iodine and thiouracil or prop)lthtouracil will in almost all cases 
have reduced toxicit) to a ver) low level The vital reserves will have 
been increased great!), and complicating disorders will have been 
adequatel) treated Hence th)roid crisis on the operating table (and 
postoperative!)) has become a rare manifestation Nevertheless, there 
still remains the poor risk patient (th)rocardiac or eldcrl) individual) 
and the patient sensitive to the thio drug As Cole has remarked In 
formation gained about scverel) toxic patients through man) )ears ex 

* Recurrent l rTtrthyroi Jilin i» J»*cti»*ed ai wmt Im*ih in rhe chapter on J*< « 
tpcrjtitr VqueLie - pJjre 401 
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penence w ith them should not be cast aside Although rare, crises do 
occur, at times without warning and almost always inexplicably 

The pulse rate during anesthesia may give warning o£ excessive 
toxicity If the pulse rate cannot be brought down below 140 with 
anesthesia, it is advisable to postpone the operation If the pulse 
rate rises toward 140 as one lobe is being removed, it will probably 
be unsafe to attempt the removal of the other lobe A second stage 
operation can be performed some weeks later 

Lahey (1941) has warned that many of the fatalities in thyroid 
ectomy are attributable to the fact that two lobes were removed instead 
of only one — too much work was done, the surgeon has inflicted 
too great an operative load on the patient If before operation the 
surgeon has decided to remove one lobe only, he should not change 
his mind no matter how smooth the operative course, surely, the de 
cision to operate in two stages has been reached after careful study of 
the patient and meticulous weighing of all possible factors 

Another sign indicating that the operative load on the patient is 
probably excessive is the need for an inordinate amount of oxygen to 
keep the patient oxygenated, it is the duty of the anesthetist to inform 
the surgeon of such a difficulty The condition of the patient then prob- 
ably is more toxic than the surgeon has had reason to suspect 

As a rule, the attempt to hurry and shorten an operation is unwise 
except in the case of a severely toxic patient (who perhaps should not 
have been brought to operation at this time) or in an unexpected 
emergency arising during the operation Of course, there is an optimal 
pace between the extremes of undue haste and excessive slowness 
We have emphasized errors in judgment because they have been 
shown to be more disastrous than errors in technique It is assumed that 
the surgeon will take pains to avoid damage to the recurrent nerve 
or the parathyroids and to guard against hemorrhage, air embolism, 
and collapse of the trachea 

Unilateral Thyroidectomy 

In the cases of the thyrocardiac or the patient with a cardiac con 
dition and the elderly patient, a 2 stage operation is usually necessary 
Even after many weeks of the most careful preoperative preparation, 
the patients condition may not meet the requirements for bilateral 
thyroidectomy Such cases are now rendered far less toxic w ith thiou 
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racil or prop)lthiouracil than was possible before the introduction of 
these drugs Nevertheless. cardiac and clderl) patients simpl) do not 
have the vital reserves of the jounger patient who has no serious com 
plicating disorder, and the surgeon must not subject them to an ex 
cessive operatise load A similar situation exists when a patient, as 
occasional!) happens, shows drug sensitivity or fails to respond to pre 
operative medication 

In the 2 stage operation, the right lobe is removed at the first oper 
ation. the isthmus is severed in the midline and the edge is sutured to 
the pretracheal fascia Depending upon the condition of the patient 
from 3 to 6 weeks later the left lobe is removed The prerequisites 
for bilateral th)roidectom) (1 stage operation) have alread) been 
outlined in the chapter on preoperative considerations (page 315) 
Wc would like to emphasize that, whenever there is any doubt con 
cernmg the advisability of a 1 stage operation, the surgeon cannot err 
if he is conservative and performs the thjroidectom) in 2 stages 



1 ig 71 Discrete adenoma 
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Removal of Discrete Adenomas 
The removal of a discrete adenoma is a prophylactic measure 
against the possibility of eventual malignant degeneration of the tumor 
tissue The incision through the skin and platysma is made as in 
thyroidectomy for exophthalmic goiter (page 344), small bleeders 
or oozing spots in the skin flap are grasped mth small hemostats Also 
as m thyroidectomy, care should be taken to cut in the fascial plane 
between the platysma and fascia on the anterior surface of the ribbon 
muscles (Fig 59) To avoid severing the cutaneous nerves, the skin flap 
is not raised laterally more than just enough to make a V betw een the 
lateral ends of the incision and the highest point of the midhne If 
the adenoma has attained unusual proportions, it may be necessary to 
sever the ribbon muscles, the division should be made high up and as 
near the larynx as possible, to reduce possible damage to the nerve 
supply of the upper portion of the muscle Clamps are placed on 
the nonadenomatous portion of the thyroid gland above, below, and 



Fig 75 Diagram showing trianguloid depression to be avoided in performing 

thyroidectomy 
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along the outer side of the tumor We have des eloped and extensisel) 
cmplojed a modification of the usual procedure m the placing of 
these clamps (Tig 350) To make doubl) sure that the clamps in ever) 
instance bite into thjroid tissue as we reach the triangaloid depression 
at the site where the inferior thuoid after) branches to enter the gland 



I ig 76 Dtigrammatic drawing showing tf c portion of tl e gland *1 ich must 
he aso ded m d ««t on in order not to injure the recurrent lirjngcal ncnc 
or parathyro d glands 

we place the clamps as described on page 350 under bilateral th)roid 

TIva «6.svtw/w/. ivJa w. v» i w.w.wwm 

the risk of damage to the recurrent ncnc 

Tlie adenoma is excised b) cutting through its en\ elope of th)ronl 
tissue and b) careful disscaion from the adherent tissue In canning 
out this dissection it must be remembered that in a certain percentage 
of cases on]) a thin cosermq of th>roid tissue mi) he between the 
posterior portion of the tumor and the recurrent lar)ngea! nene In 
such instances there is considerable danger of damage to the ncnc 
and great care must be exercised in making the dissection Although 
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Fig 77 Diagrammatic drawing made at time of operation demonstrating 
trianguloid area to be avoided during disselion 

\se do not advise the procedure, some surgeons recommend the routine 
demonstration of the recurrent laryngeal nerve in all operations for 
V/i a duscitlt adenoma li v> to be ntAtd \Via*i hgafton oi iVit 
inferior thyroid artery serves to present secondary hemorrhage, as 
m th) roidectom) When the adenoma has been removed, the affected 
lobe of the thyroid gland ma) be reconstructed by suturing the edges 
together 

If there is an> doubt concerning the existence of nodules in the 
contralateral lobe after exploration by palpation an exploratory in 
cision into that lobe should be made Every encapsulated nodule should 
be removed 

In a considerable number of cases malignant degeneration of a 
supposedly benign adenoma of the thyroid gland is not diagnosed 
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clinically or even at operation Hence some surgeons urge that, as a 
routine procedure in the removal of unilateral non toxic adenomas, a 
lobectomy or subtotal thy roidectom) be done (Ward, 19 11, Slaughter, 
1916) * 

Local recurrent nodules appearing months or jears after extirpation 
of a discrete adenoma should be removed These cervical masses, as 
Graham (1938) has demonstrated, arc in man) cases tumor thrombi 
frequently encapsulated in the lateral or inferior th)roid veins Such 
neoplasms are irresponsive to irradiation, but. following their removal 
years may elapse before metastasis or local recurrence These facts make 
clear the vital importance of extirpation of recurrent nodules The 
recurrence of nodules is strong evidence that the primary growth was 
malignant 

• Other refeienre* h«'e been ju*en in the dixuwon on the ptholojr tf diicrele 
•denerrat |*»jre 2J2 
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begun This dissection is carried around the base of the adenoma 

Removal of discrete adenomas is so important a proph) lactic pro 
cedure that its urgenq deserves re emphasis, in the words of Ward 
(1944) It has been rare to care for a patient with malignant goiter 
who has not been told at some time b> a physician that the goiter was 
non toxic and harmless, and that nothing should be done about it until 
signs of the trouble appeared 

Removal of Malignant Adenomas 
When a benign adenoma undergoes malignant degeneration, at 
first it invades its capsule, infiltrates into the previousl) unaffected 
th)roid tissue surrounding it, and then invades the capsule of the 
thyroid gland and the blood vessels, especial 1) the veins Invasion 
of the lymphatics is a relativel) late development and as a rule, by the 
time it occurs, the cancer has become incurable For, in the meantime, 



366 


THF TH\ ROID GLAND 



l •£ #0 fnudcalion of discrete adenoma completed after which capsule is 
dosed 


vital structures contiguous to the thjroid gland ha\c been invaded 
In cancer of the thjroid, because of the anatomical relationships of 
the gland, we often encounter a situation in which a local metastasis 
can rcadtl) be removed whereas much of the primar) lesion cannot be, 
as a result of direct extension of the growth into the trachea, thyroid 
cartilage, esophagus or common carotid arterj further, the malignant 
tissue, having carl) invaded the venous channels, proliferates within 
the veins, and disseminates itself to the lungs and bones b> wav of 
the blood stream This great tendency to invade the veins, first stressed 
b> Graham (1921, 1925), has served to guide operative treatment 
It must be remembered that invasion of the venous channels takes 
place some time before the lesion becomes incurable b) surger) (and 
roentgenotherap), postoperamclv) In man) instances, the veins ma) 
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have been infiltrated, jet distant metastasis maj not have occurred 
Then, in such cases, if the neoplasm has not extended its growth 
through the capsule of the thjroid gland, the prognosis maj be re 
garded as favorable following wide excision of the tumor and its cap 
sule, together with resection of the veins which drain the affected lobe 
of the thjroid gland Radical neck dissection will eradicate the most 
common sites of local recurrence and w ill often forestall distant metas 
tasis 

Ward (1944) has recommended that, when carcinoma is suspected 
before operation, a long collar incision be made, slightlj higher than 
is customarj Excision of submandibular extensions maj be facilitated 
bj extending one end of the incision upward, in hockey stick fashion 
All affected structures, insofar as is possible should be removed, but, 
of course, it is essential to preserve both carotid arteries, one recurrent 
laryngeal nerve, and at least one parathyroid gland 

Usually, the indicated operation includes a radical neck dissection 
total hemithjroidectomj on the affected side, removal of the isthmus, 
and subtotal thy roidectomj on the opposite side, the strap muscles 
should be removed on the affected side In some cases the neoplastic 
growth will have involved or destroyed the recurrent laryngeal nerve on 
the involved side, more rarely, deliberate sacrifice of the nerve on one 
side may be necessary — prov ided, of course, that preoperative examina 
tion has shown the other recurrent nerve to be functioning 

Oxygenation during the operation is facilitated and collapse of a 
trachea which has been weakened by infiltration or pressure may be 
prevented by the use of an intratracheal catheter with an inflatable cuff 

Dissemination of the malignant tissue by operative manipulation 
may be avoided by commencing the operation with ligation 3nd re 
section of the internal jugular vein on the involved side, and low lig 
ation and resection of the inferior thyroid vein This procedure is 
definitely indicated when the lateral or inferior veins are found to be 
thrombosed by tumor tissue 

Lahey (1944), when carcinoma has invaded the parenchyma of the 
gland after breaking through the capsule of the adenoma, has always 
made it a practice to do a radical dissection His procedure includes 
high and low ligation of the internal jugular vein, after which the 
sternomastoid muscles are sev ered high and low Then, in one block, 
the following structures are removed the entire sternomastoid muscle. 
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tributar) veins preth)roid muscles, regional l)mph nodes, the isthmus 
and entire lobe containing the adenoma 

As Ward (1911) has remarked mediastinal extension of malig 
nant tissue often proses to be the unsurmountablc obstacle to com 
plcte remosal of the tumor If there is mediastinal extension of the 
growth in the form of more or less encapsulated nodules, the supra 
sternal portions of the tumor mas be freed from their bed and from 
the trachea and used to pull the mediastinal masses through the aper 
ture of the mtrathoracic strait 

If there is central degeneration within an mtrathoracic extension of 
a malignant adenoma the pscudocapsulc ma) Le ruptured bs the sur 
geon who ma> then esacuate the contents b> curette or suction so as 
to collapse the capsule Txtracapsular finger dissection of the capsule 
from the superior mediastinum is afterwards carried out 
When the mtrathoracic extension is hard it ma) be nccessarj to split 
the sternum, but csen this measure ma) prose ineffective when there is 
extensive infiltration of contiguous structures 

Tollowing removal of the tumor lavage with plain sterile water aids 
the detection of bleeding points and washes out cellular debris Plain 
sterile water has a Ijtic effect on free cancer cells which ma) possibl) In- 
present after operative manipulation of the tumor (Ward 19 U) 

In the event that diagnosis of malignanc) has been satisfactory 
established postoperative roentgenotherap) is indicated Tumors of the 
papillar) group arc marked!) radiosensitive Anaplastic large and 
small cell carcinoma, and carcinosarcoma, on the other hand, arc but 
slight!) if at all radioresponsive 

RrMovAL or as Intrathoracic GorrrR 
Although some mtrathoracic goiters attain remarkable propor 
ttfMtt. . 19 tty, vx iwast cases the turom is sroaU caruigjx to be 

removed through an ordinar) goiter incision so that the bon) structure 
of the thorax need not be disturbed When the tumor is too large to 
be delivered intact through the thoracic outlet, most frequentl) its re 
moval can be effected b) opening the capsule of the tumor, breaking 
down the contents and scooping out the solid or semtsohd substance, 
am fluid being sucked out It is first netessar), of course, to ligate the 
blood suppl) from above Dctraeapsuiar finger dissection usual!) serves 
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to free the capsule from its adhesions Only the gentlest traction is used 
to lift the capsule from its bed 

Small mtrathoracic goiters or adenomas may be delivered as fol 
lows The surgeon dissects free the cervical portion of the thyroid 
gland then clamps and divides the superior pole and the isthmus 
afterwards the tracheal attachments are severed Hemostasis is me 
ticuously maintained and injury to the recurrent laryngeal ner\ e care 
fully avoided After the completion of these preliminary procedures 
gentle traction upon the cervical portion of the gland eases the mtra 
thoracic growth upward its delivery being achieved by means of care 



Fig 81 Intrathoracic go ter should be class fied as first second or th id dc 
gree A — First degree when one third of gland extends intrathoracieally B — 
Second degree when twothrds extends intrathoracieally C — Third degree 
when entire gland is intrathoracic This illustraton demonstrates a first degree 
mtrathoracic go ter 
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ful dissection Hemostats are carefull) applied as the blood vessels 
suppling the adenoma are brought into the field 

Except in the rare instances in which there is persistent 0021 ng from 
the walls of thecavit) left after remo\ai of an mtrathoracicgoiter few 
surgeons toda) pack the cant) with gauze (Guthrie and Schimmel 
1944) A survey of the literature shows that the consensus is Such a 
procedure increases rather than decreases the probabilit) of infection 
Even drainage is usuall) unnecessarj In most cases mtrathoracic pres 
sure soon forces the pleura and mediastinal tissues into the cavit) and 
obliterates it Packing ma) lead to the formation of a true ca\ it) 
which may persist mdefimtel) 

NX hen drainage is indicated 2 or a small rubber drains ma) be re 
quired for several da)s or longer Lahe) (1944) in discussing the 
drainage of deep mediastinal pockets has recommended that the drains 
be not removed for at least 7 to 8 da)S and then a rubber or catheter 
drain should be inserted and gradually shortened during a period of 2 
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to 3 weeks In the meantime, the pleura will ha\e expanded and the 
mediastinal cavity will probably be completel) obliterated 

Substemal Approach — Thoracic Approach. In unusual cases, an 
intrathoracic goiter has attained such a size that it cannot be removed 
unless by substernal or thoracic approach The approach ma> be made 
through a ' thoracic window formed b) splitting the sternum length 
wise m its middle portion down to the xiphoid and b) cutting through 
the first three ribs, as shown in Fig 82 We have used the electric cir 
cular saw, and chisel and hammer to split the sternum 

It must be emphasized, however, that considerable shock results 
from such an operation, and the incidence of postoperative complica 

Fig 82 Remoial of Large Retrosternal Goiter This operation is designed for 
the removal of those tumors which are of such large proportions that it would 
be impossible to deliver them through the superior thoracic strait Endotracheal 
anesthesia, with positive pressure if necessary is used 

1 A collar incision is made in the usual manner and the flaps dissected 
upward and downward in the plane between the platjsma and the deep fascia 

2 An incision is made in the midline, earned to the suprasternal notch 
and the strap muscles separated 

3 The anterior cross communication of the anterior jugular veins is doubly 
clamped and ligated 

4 The strap muscles in the side from which the tumor has developed are 
incised, transversely and retracted 

5 Both the superior and inferior thyroid arteries are ligated 

6 A vertical incision is then made in the midsternal line from the collar 
incision above to the level of the third costal cartilage inferiorly and then 
extended toward the nipple on the side which the tumor lies 

7 The origin of the pectorabs major muscle is incised and the skin 
fascial — muscular flap thus formed is reflected 

8 The second costal cartilage and rib is reflected from the sternum to the 
anterior axillary line, subpenchondrally and subperiosteally 

9 The retrosternal and pleural structures are then separated by blunt 
dissection with the finger introduced above the suprasternal notch from the 
posterior aspect of the sternum 

10 The internal mammary vessels are exposed, doubly ligated and incised 

11 With a Gigli saw introduced from the suprasternal notch to the level 
of the second rib that portion of the manubrium which carried the articulation 
of the clavicle and the first rib is severed from the remaining portion of the 
manubrium (see illustration) 

12 If the tumor is unduly large the third costal cartilage is cut near the 
sternum An effort is made to retract the pleura so that it is not opened, if it is 
opened it is dosed immediately This incision gives adequate exposure to the 
superior, anterior and middle mediastma 

13 Closure is made by layers in the usual manner 
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tions is generally high Unless obstructive symptoms render the oper 
ation imperative, it would be wise to forego removal of the tumor in 
the cases of the elderly patient and the patient with complicating car 
diac disorder 


Thyroglossal Rests 

Occasionally, we encounter a cyst, sinus, or tumor, benign or 
malignant, at any point along the thyroglossal tract in its course from 
the base of the tongue to the normal location of the thyroid gland 
Their origin is from rests of thyroid tissue or from misplaced epithelial 
cells of the pharynx which have been left m an anomalous situation as 
the anlage of the gland descended from the foramen ceum (see page 
40) A lingual thyroid develops from thyroid tissue remaining at the 
site of the foramen cecum When present, the p> ramidal lobe is another 
anomaly arising from a thy roid tissue remnant of the thyroglossal 
tract As a routine in thyroidectomy, the surgeon should look for a 
pyramidal lobe, and if one is found, it should be removed, to dimmish 
the chance of persistent or recurrent hyperthyroidism In the event that 
a pyramidal lobe is not excised in an operation for simple goiter, this 
lobe may later undergo conspicuous enlargement Before excising other 
aberrant thyroid tissue in different cases, however, the surgeon should 
make sure that a normal or nearly normal thyroid gland is present, in 
exceptional instances, a lingual thyroid or other thyroid tissue anoma! 
ously located in the neck may be the only thyroid tissue present 

Contrariw ise, when one mass of aberrant thyroid tissue has been 
found, the presence of others shoutd be suspected In fact, as a prophy 
lactic measure against recurrence of thyroglossal tumor or cyst, the 
entire tract from the isthmus to the base of the tongue should be re 
moved It is to be recalled that generally the thyroglossal tract traverses 
the midportion of the hyoid bone, complete extirpation of the tract 
consequently involves the resection of the central portion of the hyoid 
Closure of the wound may be facilitated by suture of the divided hyoid, 
otherwise it need not be sutured 

When the surgical problem is a sinus, its opening should be in 
eluded in the incision if possible In the exceptional case, the opening 
of the sinus is so low that if it were included in the incision, dissection 
of the suprahyoid portion of the thyroglossal tract through the same 
incision would be difficult if not impossible, then the incision should 




376 


THE THYROID GLAND 


arteries (DeCourcy, 1923) Previous!} , ligation of the inferior th>roid 
arteries was avoided because theoretical considerations rather than elm 
ical experience induced a fear of the possible results It was thought 
that patients could not with an) degree of safety be subjected to 
supposed!) heroic procedure in which all four thyroid arteries are 
ligated Indeed, ligation of all four thyroid arteries within a period of 
a few weeks does represent an excessively dangerous procedure Our 
studies, however, showed the significance of the factor of time, and we 
were able to develop the following successful routine 

Single or double superior ligation is performed at one sitting, when 
single ligation is done, the contralateral artery is usually ligated within 
the week following The patient is then allowed to return home and 
is instructed to submit to an almost absolute rest After 3 or A months, 
the patient is again examined, and if thyroidectomy is still contraindi 
cated, one inferior thyroid artery is ligated This third ligation, as a 
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lig 86 Showing division of deep fascia exposing the muscle fibers and the 
external juglat vein ligation 


rule, results tn sufficient reduction of the toxicity to permit a bilateral 
th) roidectom) If, however, the patient is still considered a poor oper 
atrve risk 1 month after the first inferior ligation, then the other in 
fenot thyroid artery is ligated Thus, the fourth ligation is performed 
4 to 3 months after the superior ligations, and, as our experience mdi 
cated, this period is sufficient for the development of a slight collateral 
circulation about the superior poles, so that adverse results do not 
follow the final ligation 

Our experience with this routine showed that ligation of all 4 
thyroid arteries brings about much greater improvement in the pa 
tient's condition than does mere bilateral ligation of the superior 
arteries Hence the margin of safety at operation is markedly increased 
Further, ligation of all 4 arteries greatly diminishes the chance of 
hemorrhage at operation, and it is rarely, if ever, necessary to allow 
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the wound to remain open (as was the general practice following thj 
roidectomy preceded bj ligation of only the superior arteries) Tinall), 
incisions for mienor Ji gation can be made rn the same crease as incision 
for thyroidectomy and only 1 scar results 

The ligation of 1 or more inferior arteries was performed in man) 
cases with a very low incidence of adverse reactions The following 
operative technique was employed 

A transverse incision is made 2 finger breadths above the clavicle 
with the center overlying the posterior border of the sternocleidomastoid 
muscle (Hgs 85 and 86) The incision is carried down through the 
deep fascia until the muscle fibers are exposed (rig 87) (It is some 
times necessary to ligate and divide the external jugular vein at the 
posterior portion of the wound ) The sternomastoid muscle is drawn 
inwardly and the division noted between the thyroid gland and the 
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carotid sheath A bemostat is then placed between the thyroid gland 
and the carotid sheath, so as to hug the thyroid capsule as closely as 
possible without opening it, and afterwards the blades are spread 
apart The thyroid gland is retracted inward with the sternomastoid 
muscle and the sheath of the carotid is retracted outward The scalenus 
anticus muscle can be seen lying beneath, covered by its fascia The 
fascia is opened at the inner margin of the muscle and the inferior thy 
roid artery can be readily isolated (Fig 88) It is essential that the 
operative field be kept absolutely dry during the entire procedure, be 
cause oozing tends to obscure the landmarks and vital structures may 





then be injured The chief technical dangers are injury to the jugular 
vein, to the phrenic nerve which lies on the bell) of the scalenus anticus 
muscle, and to the thyroid gland itself Damage to thyrotoxic thyroid 
tissue may induce a crisis 

These operations, once almost universally performed as a prelude 
to thyroidectomy, are of more than passing interest and historical im 
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portance Ihcj greatl) promoted increase in our understanding of 
th) rotoxicosis, factors in thjroid crisis, toxic diffuse goiter as differen 
trated from toxic nodular goiter, abnormal locations and anomalies of 
important ner\es and blood \essels Modern operatise techniques 
have developed from earlier procedures And man) a finding estab 
lishcd in th>roid surger) of more than two decades ago has its direct 



1 ty H9 Nodular toxic goiter im 
incJntel) after removal showing 
sitisfactor) removal of superior 
pole 

application To cite an important illustr ition knowledge gained con 
cermng the adverse effects of interference with the blood suppl) of 
the parath)roids in certain ligation procedures renders the modern 
surgeon cautious lest he perform too radical a thjroidectom) More 
important still have been the numerous observations concerning the 
various possible locations of the recurrent lar>ngcal nerve, the various 
wajs in which it can be injured and injur) avoided or repaired, and the 
results obtained b) different approaches Many surgeons toda) do not 
perform a routine demonstration of the none because of die dangers 
of exposure and scar tissue formation — which were early found to be 
disastrous in what some believe to be an excessive percentage of cases 
The surger) of toda) is based upon past experience and, in its turn, 
will provide the basis for th)roid surger) of future )cars 
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POSTOPERATIVE CARE 

I N THE SURGERY of the thyroid gland to a greater extent than in man) 
other fields of surgery, satisfactor) results — including a minimum 
mortality rate — are directly and obviously dependent upon postoper 
alive care Postoperative vigil must be conscientious and sustained all 
measures known to promote the optimal wellbeing of the patient and 
to aid in the prc\ention or earl) detection of possible complications 
must be thoughtfull) taken — and the indicated management of an) 
complication must be instituted without dela) It has been repeatedl) 
shown that as a rule onl) scrupulous attention to the many vital details 
of postoperative procedure serves to forestall untoward if not dire 
developments w hose onset mi) be disturbing!) rapid And good nurs 
mg care has a highl) beneficial effect on the morale of the patient, 
espcciall) one who is apprehensive 

Care in the Immediate Postoperative Period 
It ma) be advisable for the anesthetist to see the patient safel) in 
bed after the operation The patient should be kept prone or flat on one 
side until he has reacted from the anesthetic Afterwards, the head of 
the bed is graduall) raised and the patient is kept in a sitting position 
for the greater part of the immediate postoperative period 

Anoxia must be presented not onl) must the airways be kept free 
but the p3tient must be able to breathe easily All severely toxic pa 
tients should receive ox)gen therapy Because of their elevated metab 
ollC rate, the ox)gen requirement of such patients is extraordinaril) 
high As Womack (1910) has pointed out, the mental reaction of the 
ascrage patient to the sudden discovery that he is is in an oxygen tent 
should be taken into account, if it seems likely that the patient will be 
placed in the oxygen tent after operation, an effort should be made 
beforehand to allay possible fears 

During the first 6 hours following thyroidectomy, it is advisable 
to determine the patient s temperature, pulse rate, and blood pressure 
[ 382 } 
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e'ery 30 minutes Constant watchfulness is necessary to detect severe 
reactions that may become rapidly fatal 

Very frequently in the early postoperative period, hyperthyroid pa 
tients show an increase in pulse rate, and at times the blood pressure 
also rises These evidences of increased load on the circulation may 
persist for some 36 to 48 hours after the operation (or even for 3 or 
4 days m unusual cases), but afterwards the load on the circulation 
generally begins to dimmish At any time postoperatively, however, a 
marked and continuous rise in pulse rate and blood pressure should 
suggest some complication, especially anoxemia from laryngeal ob 
struction — then the early detection of stridor would be vitally im 
portant Thyroid crisis is most likely to occur within the first day or two 
after operation 

Fluids and glucose in adequate quantities must be supplied begin 
ning as soon as the patient has been returned to bed so that hepatic 
and renal difficulties may be avoided Probably 3,000 c c of 5 per cent 
glucose m saline solution intravenously will be indicated on the day 
of operation, 500 mg of ascorbic acid and 50 mg of thiamin may be 
added to the second bottle of glucose solution Ten per cent solutions of 
glucose may have an undesirable dehydrating effect 

On the day following the operation, considerable fluid may usually 
be taken by mouth, the total intake of fluid should be between 3 000 
and 5,000 cc Marked loss of fluid by vomiting or by perspiration (in 
warm weather) must be taken into account Renal function must be 
followed carefully , daily urme output should be at least 1,000 to 1,500 
cc Sulfonamide therapy for any infection of course necessitates an in 
crease in the amount of fluid which the patient must receive 

Sedation The amount and type of postoperative sedation vary with 
the individual patient, the degree of his hyperthyroidism, his general 
condition, and his age As a rule, it may be inadvisable to administer 
more medication than is necessary to control pam The indications for 
sedation rarely persist beyond the third postoperative day 

Dangers of Oversedation Inadequate sedation was mentioned by 
Bayley (1934) as a factor tending to precipitate a thyroid crisis There 
is no doubt that some sedation postoperatively as well as preoperativ ely 
is essential in all cases On the other hand, the dangers of oversedation 
in the hyperthyroid case should be obvious Sedatives and hypnotics 
depress respiratory function and tend to cause anoxia The oxygen re 
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quirement is increased in thj rotoxicosis, i f only because of the increased 
rate of metabolism Such agents are detoxified in the h\ er- — which is 
almost characteristically m some phase of dysfunction or degeneration 
m the thyrotoxic patient Mclver and Winter (1943) have demon 
strated experimental!) the extensive necrosis of the liver as a result of 
anoxia in the hyperthyroid state The earl) symptoms of thyroid storm 
may be masked by oversedation A viscious cycle may be set up As 
the patient s restlessness and perhaps delirium increase, additional doses 
of sedative or opiate may be administered, the effect being to increase 
the intensity of the thyroid storm Buxton (1914) has warned There 
is still present in the minds of many physicians the adage that hyp- 
notics, particularly those of the morphine group, should be given 
at frequent intervals and by the clock in postoperative thyrotoxicosis 
Anoxia may become an important, often critical, factor in the 
progress of the patients disease In common with Buxton and many 
other surgeons, we believe that postoperative medication of thyrotoxic 
patients should be kept at a safe level And we should not forget that 
a percentage of patients are hypersensitive to certain sedatives, hyp 
notics and other drugs 

Iodine Therapy Iodine therapy is regarded by many as an essential 
routine following thyroidectomy for hyperthyroidism Some clinicians 
continue the administration of iodine until all symptoms of hyper 
thyroidism have disappeared Iodine therapy tends to reduce the 
hyperplasia of the remaining thyroid tissue, which may therefore more 
rapidly pass into the resting phase Our routine use of desiccated thy 
roid beginning 2 weeks after operation for hyperthyroidism is discussed 
under the heading Prevention of Recurrent Hyperthyroidism (page 
40-1) 

Possible Postoperative Complications 

Nausea and Vomiting In our experience, when nitrous oxide 
oxygen mixture is the anesthetic employed and when ovcrsedation (es 
pccially with morphine) is avoided preoperatively and postoperative!) . 
most patients are little troubled by nausea and vomiting In the in 
stances in which vomiting does occur, usually the only measure indi 
cated is the intravenous replacement of the fluid and salts that may 
be lost It should be kept in mind, however, that vomiting may be a 
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symptom which signifies the onset of some serious complication, such 
as thyroid storm 

Hemorrhage The chance of postoperative hemorrhage is almost 
nil when all oozing in the field of operation has been painstakingly and 
adequately controlled, as it should be in ever) case, of course In the 
rare instances in which hemorrhage does develop postoperatn el) , it may 
be from a large artery and thus cause sudden swelling of the neck and 
dangerous pressure on the trachea Breathing may then become ex 
ceedmgly difficult if not all but impossible, the trachea ma) even 
collapse The consequent stridor, anxiety, and perhaps cyanosis as the 
hemorrhage develops show the imperative demand for immediate 
intervention The necessity for speed on the part of the ph)sician avail 
able under these conditions has been dramatically expressed by Lahe) 
(1944) Certainly there must be no delay in opening the wound — 
otherwise the patient may die forthwith in his bed Once the obstruc 
tion to the airway has been removed by emergency measures and after 
the patient has been transported to the operating room, usuall) the 
bleeding vessel or vessels may be readily identified and the main trunk 
easily ligated In some cases it may be necessary to ligate both superior 
and inferior thyroid arteries to control the bleeding It has been stated 
that such hemorrhages are most likely to occur one to ten hours post 
operatively 

In other instances there may be slow bleeding from a small vessel 
or a capillary ooze, and so, exceptionally, a hematoma may appear 
under the skin flap 2 to 4 (or perhaps more) days after operation 
There may be no interference with breathing Opinions differ as to 
the advisability of operative evacuation b) a second operation or of 
waiting for the liquefaction of the hematoma and subsequent external 
drainage (which may necessitate frequent changes of dressing) 

A few da)S after operation, serum may accumulate under the skin 
flap A previous hematoma ma) lead to the collection of serum, but 
more often the accumulation of serum is a result of trauma or the use 
of the larger sizes catgut Fine catgut in the deep ties is less likely to 
favor collection of serum, because the finer the suture the more readil) 
it is absorbed, other factors remaining the same The serum ma) be 
aspirated after the introduction of a needle through the incision 

Infection Infection beneath the skin flap is of ver) rare occur 
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rence In man) cases it maj be simplj controlled, as b) the applies 
tion of hot packs to the neck, flaxseed poultices are recommended b) 
some At times it may be necessar) to probe for purulent fluid, ex 
ceptionally, there ma) be a collection of deep pus If fluctuation is 
observed, opening of the incision and drainage are indicated Marked 
elevation of the temperature and mtensif)ing extension of the in 
fection will necessitate chemotherap), usually either with the appropn 
ate sulfonamide or with penicillin Culture and identification of the 
organism will of course guide therap) It must be remembered that 
an> infection causes a rise in the metabolic rate and therefore places 
a further strain on the th)rotoxic patient Severe infections may require 
the use of the ox)gen tent It is of the utmost importance that sufficient 
fluid be supplied dail), orally, or intravenousl) 

Removal of an mtrathoracic goiter may most exceptional!) be fol 
lowed by an infection which extends into the mediastinum Still more 
rarely, mediastinal infection ma) occur after other types of operation 
on the thyroid gland We encounter the usual symptoms of infection 
and, besides, we would expect roentgenograms to show a widening of 
the mediastinum Under such circumstances the mediastinum should be 
drained at once, and sulfonamide or penicillin therapy promptly insti 
tuted 

Hepatic Difficulties As is well known, hepatic damage is a very 
frequent if not an invariable accompaniment (or result) of hyperthy 
roidism (see page 136), and accentuation of this difficulty must be 
avoided insofar as is possible by providing adequate amounts of intra 
venous glucose in the early postoperative period and of course, when 
otherwise indicated The occasional patient with jaundice should not 
only receive intravenous glucose in plentiful supply but also have a diet 
high in carbohydrate, protein and vitamins 

Congestive Heart Failure When the load on the circulation has 
been increased (as it often is), after thyroidectomy and when the pa 
tient is elderly or has a complicating cardiac condition, signs of con 
gestive heart failure may appear Exceptionally congestive heart failure 
may be seen in the younger patient with no history of previous circula 
tory trouble Thyrocardiacs or potential thyrocardiacs should be spared 
all unnecessary strains upon the heart and should have special nursing 
care, under certain conditions the administration of oxygen (or 
oxygen and helium) becomes necessary The forcing of intravenous 
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fluids is absolutely contraindicated in these cases it may lead to res 
piratory distress or even paroxysmal dyspnea The elderly patient or 
thyrocardiac should be examined before he receives intravenous fluid 
and should be carefully watched while it js being administered 

Auricular Fibrillation and Auricular Flutter As a rule, when 
auricular fibrillation has resulted from hyperthyroidism, adequate treat 
ment of the thyroid disorder will cause the disappearance of the auricu 
lar fibrillation Digitalization preoperatively is a preventive measure 
directed at practically certain return of auricular fibrillation post 
operatively in patients with this cardiac difficulty For a lengthy period 
following the operation, digitalis alone is indicated as the medication 
whose purpose vs the restoration of the normal rhythm 

Patients with a previously normal heart rhythm rarely have attacks 
of auricular fibrillation postoperative!) unless they are moie than 40 
years of age and unless the load upon the circulation is high Transient 
attacks of auricular fibrillation during the preoperative period signify 
the probability that such attacks will occur after operation preoperativ e 
digitalization is indicated Digitalization before operation may be 
necessary also in cases in which the rhythm is normal but in w hich there 
is some serious cardiac condition 

When auricular fibrillation does appear in a patient after an 
operation on the thyroid, not only should digitalization be carefully 
carried out with due regard for individual tolerance but also all pos 
sible measures should be taken to ensure the maximum degree of com 
fort — and of course, watchfulness is in order Overdigitahzation must 
be avoided, for otherwise there may ensue distressing if not serious 
symptoms When auricular flutter occurs postoperative!) as it does in 
a percentage of cases, the treatment and general management of the 
patient are the same as for auricular fibrillation 

Collection of Mucus Collection of mucus may follow trauma to 
the upper respiratory tract as a result of the use of pharyngeal airways 
and nasopharyngeal or endotracheal tubes Also, a patient whose 
trachea has been deviated by pressure may experience difficulty in rais 
ing mucus In still other cases, fluid may collect m the tracheobronchial 
tree because of regurgitation, as when the stomach is distended Trach 
eal aspiration or bronchoscopy is indicated when the patient cannot 
raise mucus by coughing 

Injury to the Recurrent Laryngeal Nerves Adequate precautions 
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and suitable surgical technique during an operation on the thyroid 
gland render extremely unlikely any injury to either of the recurrent 
laryngeal nerves When one recurrent nerve is injured the patients 
voice may be affected temporarily or permanently but laryngeal ob- 
struction will tn all probability not ensue and no special treatment is 
to be recommended 

Extremely serious results follow injury to both recurrent laryngeal 
nerves Obviously the surgeon should take every possible measure to 
prevent such an eventuality The first symptoms of bilateral injury may 
be sudden marked stridor and cyanosis which are caused by bilateral 
cord paralysis and laryngeal obstruction then a tracheotomy must be 
performed immediately Clute and his collaborators (1914) have re 
marked The surgeon s great tendency in the presence of marked 
stridor is to delay tracheotomy too long Men still say that when 
cyanosis appears a tracheotomy must be done This policy of waiting 
for cyanosis before doing a tracheotomy will result in some fatalities 
because the margin of safety in partial tracheal obstruction is very low 
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Fig 91 An incision has been made along the posterior border of the 
lateral thyroid cartilage and the inferior cornu down to and through 
the perichondrium (From Woodman DeGraaf Archnes of Oto 
laryngology 43 63 65 19*16 ) 


anil an) slight increase in the obstruction may at once produce a 
fatality Following tracheotomy radical treatment of the paralyzed 
cords ma> be postponed for several months and meanwhile there is 
the chance that breathing will improve Seldom however, does one 
of the cords regain its motility and it ma> be advisable to perform a 
radical operation, such as enlargement of the glottic opening b) trans 
plantation of the omoh)oid muscle to the base of one arytenoid car 
tilage and reconstruction of the lar)nx (King, 1939), or bilateral sub 
mucous resection of the cords (Hoover, 1940) 

Other Causes of Laryngeal or Tracheal Obstruction Injury to the 
fine muscles of the larynx, spasm of the tracheal muscles or edema 
of the false cords as well as bilateral injury to the recurrent laryngeal 
nerves may cause pronounced obstruction of the larynx or trachea with 
resultant marked stridor (The problem of hemorrhage and pressure on 
the trachea has been discussed on page 385 ) Whenever the obstruc 
tion interferes seriously with breathing tracheotomy must be done 
At times, patients with glottic obstruction from edema or cord paralysis 
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lig 9 1 The perichondrium has been separated from the aryteno d 
(Trom Woodman DeGriaf Archttes of Otolar)Hgolog) 4} 61 65 
1916) 


will be found to have areas of atelectasis the mucus is not coughed up 
and collects in the tracheobronchial tree to block the air passages 

Thyroid Crisis 

The last 2 decades have witnessed a great reduction m the 
incidence of the syndrome known as thyroid crisis or thyroid 
storm, featured by rising pulse rate and temperature, restlessness 
\omiting, emotional excitement, and sometimes delirium, mania and 
coma The great decrease in the frequency with which we encounter this 
reaction must be attributed to improved preoperative and postoperative 
care, optimal timing of the operation, special treatment of the elderly 
and poor risk patients and improved methods in lodmization and per 
haps thiouracilization Nevertheless, despite the application of what 
are believed to be the wisest measures, clinicians still encounter thyroid 
crisis in a certain percentage of patients The explanation of this fact 
may depend upon the future elucidation of the basic cause or causes 
of such sev ere reactions 
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lig 93 Most of the arytenoid has been removed Chromic gut has 
been carrrd around the vocal process so that the cord may be drawn 
laterally and sutured to the inferior cornu of the thyroid cartilage 
(from Woodman DeGraaf Arcbnes of Otolaryngology 43 63 65 
1946) 


Bay ley (1934) and Ransom and Bay ley (1934) in their study of the 
preoperative and postoperative factors in fatally terminating thyroid 
crisis pointed out that a preoperative crisis may be precipitated by (1) 
&Va() Wi auTTi-AViTig tottt pSfatTAS to *Vit: ViTCipft&l , (2) tolgvca\ pTCfct: 
dures not directed at control of the thyrotoxic condition, (3) infections 
of many types, (4) various minor diagnostic and therapeutic proce 
dures, (5) inadequate sedation Special stress was placed upon the 
factor of adequate sleep, and Bay ley stated that many thyrotoxic pa 
tients do not receive sedativ es in sufficiently high dosage to ensure the 
needed rest Nevertheless there is enough evidence at hand to convince 
us that ov ersedation is highly dangerous and may be the precipitating 
factor in a percentage of thyroid crises At all times in the management 
of the thyrotoxic patient, the problem of sedation is difficult and in 
. olves vital considerations 
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The most striking symptoms in thyroid crisis are those arising as a 
result of disturbances within the central nervous system at first, 
euphoria, talkativeness, emotional outbursts, fixations, and later, de 
Iinum, manta, coma Many observers are in agreement that these symp 
toms are caused chiefly by increasingly severe deprivation of oxygen 
A number of investigations have provided evidence m favor of this 
theory Cohen and Gerard (1937), and other workers, ha\e demon 
strated m experiments on animals that thyroid hormone increases the 
respiration of tissues m tilro Moreover, the oxygen consumption of 
brain tissue from hyperthyroid animals is about four times that of brain 
tissue from normal animals The absolute concentration of certain 
enzyme systems is much greater in brains of hyperthyroid animals than 
in brains of normal animals, certain dehydrogenases being increased 
relatively more than certain oxidases Kessler and Gellhorn (1912) 
used the electroencephalograph to study the effect of anoxia on brain 
potentials of hyperthyroid animals, they found that the administration 
of desiccated thyroid signally accentuates the sensitivity of unanes 
thetized animals to reduced oxygen pressure 

Maddock, Coller and Pedersen (1936) determined the concentra 
tion of epinephrine like substances in the blood of hyperthyroid pa 
tients The peripheral venous blood of the majority of patients who 
were responding well to preoperative treatment did not contain such 
substances in detectable amounts Low concentrations of epinephrine 
like substances were occasionally present in the blood of patients whose 
progress was unsatisfactory and who had fever Postoperatively, some 
patients were found to have low level of epinephrine or some related 
amine(s) in their peripheral venous blood, 2 patients in severe thyroid 
crisis showed the highest concentrations One patient recovered from 
the crisis and, at about the time of recovery, the test for epinephrine 
like substance became negative 

Perazzo (1931) observed that moderate doses of epinephrine may 
be followed by markedly advanced fatty' degeneration of the liver 
Thus, the problem of the relationship of sympathomimetic substances 
thyroid dysfunction and liver damage (see Chapter VIA, page 133) is 
raised Additional complications in the way of clear interpretation of 
the many convergent and divergent lines of investigation of thyroid 
storm arise from the observations which have proved the increased need 
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for oxygen in the tissues of the thyrotoxic patient and have indicated 
some of the results of oxygen lack in hyperthyroidism The myocardium 
and the adrenal medulla as well as the liver are affected by oxygen 
deficiency, which has its most readily observed effects on the central 
nervous system 

The possible significance of sympathomimetic amines in thyroid 
crisis has been set forth by observations along several different lines 
The administration of epinephrine or a related catechol to experimental 
animals has been shown to result in the reproduction of the chief 
features of myocardial disease Raab (1943) and other investigators 
have suggested that increased production of epinephrine like substances 
may be the cause of the arrhythmia and the myocardial dilation, hyper 
trophy and degeneration observed in thyrotoxic patients Raab re 
ported that the majority of hearts in a series of patients who died from 
cardiac failure contained abnormally high concentrations of epine 
phnne and sympathin or epinephrine like catechols Large doses of 
thyroxin increase the concentration of such substances in the hearts of 
animals A deficiency of thiamin has the same effect, thiamin require 
ments, as is well known, are greater in hyperthyroid individuals than 
in normal persons Additional observations which strongly support 
the theory that the thyroid gland and the adrenals have synergistic 
actions have been discussed in another section (page 274), and the con 
elusion was reached that most of the symptoms of thyrotoxicosis may 
result from an imbalance of the sympathetic nervous system, some cir 
culating sympathomimetic toxin being the cause of the imbalance Fac 
tors stimulating the adrenals are physical and psychic trauma, emotional 
stresses, asphyxia, infections, hemorrhage, unusual exertion, such fac 
tors also may precipitate thyroid disorders 

Recently, Buxton (1944) has examined the evidence that thyroid 
crisis is not a specific entity and that death in this state results from 
the various complications associated with the augmented metabolism 
which are often injudiciously and inaccurately treated After an overall 
survey of the frequently repotted cases, Buxton came to the conclu 
sion that there seem to be two outstanding clinical features common to 
all such cases (1) a progressive exacerbation of all the symptoms of 
thyrotoxicosis which indicate disturbances of function in each of the 
great body systems, particularly the hepatic, renal, cardiov ascular and 
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centra! nervous sj stems, and (2) a breakdown in one or more of these 
systems, as evidenced by terminal clinical signs and symptoms and by 
the necropsy findings Buxton perceived no uniformity of findings and 
no pathognomonic features common to all cases, and stated It is our 
belief that there are all gradations of response to increased amounts of 
circulating thyroid hormone and that thyroid crisis is an extreme 
response, differing onl) quantitatively from reactions of lesser degree 
and initiated or augmented and often brought to a fatal outcome by 
intercurrent complicating factors ' With this theory in mind, Buxton 
reviewed a series of cases of thyroid crisis observed at the University 
of Michigan Hospital from 1934 to 1943 More than 50 per cent of 
these patients had died in thyroid crisis The majority were between 
the ages of 40 and 70 years The records showed that in these cases 
the ratio of toxic adenomatous goiter to a diffuse toxic goiter was 
2 1 With regard to the fatalities, Buxton believed that death could 
have been attributed to 1 or more of the following factors diabetes 
mellitus with coma pulmonary edema and congestion, atelectasis pneu 
monia, o\er$edation, o\erdigitalization, cardiac failure, hepatitis and 
cirrhosis, wound infection, septicemia The adverse effects of over 
sedation particularly impressed Buxton In several cases, hypnotics 
evidently caused anoxia Further, m the instances in which there was 
apparently no oversedation, other causes of reduced intake of oxygen 
were indicated by the records of these patients a considerable per 
centage of whom had pulmonary or cardiac difficulties The cases of 
severe wound infection and septicemia obviously were erroneously 
classified as thyroid crisis Buxton thought that the evidence from 
the records of these cases of thyroid crisis confirmed his contention 
The profound symptom complex designated as thyroid crisis super 
vencs only in those patients in whom there is a break in the chemical 
and physiologic compensatory processes of the intfivicfuaf Such a 
breakdown, Buxton emphasized, may result from infections, minor 
diagnostic and therapeutic procedures, and unwise surgical procedures 
It is our opinion that Buxton s report, although it may not contribute 
directly to the ultimate solution of the problem of the causative factors 
in thyroid crisis, definitely points out once again the vital importance 
of painstaking preoperative, operative and postoperative management 
of the thyrotoxic individual The body systems of the hyperthyroid 
patient are hypersensitive — probably in several different ways — and 
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the reaction to injudicious procedures may spell the precipitation of a 
crisis, whether or not termed a ' thj roid crisis 

Treatment Sedation is generally necessary to control the emotional 
and muscular symptoms, but oversedation must be avoided Heav) 
dosage with morphine must be expected to lead to anoxia, soluble 
barbital compounds may be administered subcutaneousl) along with 
the morphine so that the dosage of the latter may be reduced Be 
cause of the greatly increased rate of metabolism and the increased 
need for oxygen in thyroid crisis, it may be necessar} to keep the pa 
tient m the oxygen tent for many hours to several days, according to 
the patient s condition Fluids must be abundantly supplied — m many 
cases as much as 5,000 cc daily Some authorities recommend that 
intravenous instillations of 5 per cent glucose in normal saline solution 
be alternated with 5 per cent glucose in distilled water when it is not 
otherwise possible to maintain urinary output at the desired level of 
1,000 to 1,500 cc per day But care must be taken not to put an 
excessive load on the circulatory system, especially in the case of the 
thyrocardiac or the elderly Sodium iodide may be administered intra 
venously m doses up to 1 Gm once or twice daily The patient s room 
should be cool, an air conditioned room being used if possible during 
warm weather 


Parathyroid Tetany 

Improvement in the techniques of thyroid surgery and a more pre 
cise knowledge of the frequent aberration as well as the usual anatomic 
location of the parathyroid glands hare brought about a reduction in 
the incidence of postoperative parathyroid tetany so that it is non a 
rare complication In 1937, Swinton stated that the incidence of this 
condition was no greater than 1 5 per cent in some large clinics and as 
low as O 5 per cent in others 

Parathyroid tetany may be caused by remoral of sufficient para 
thyroid tissue to dimmish markedly the secretion of parathyroid hor 
mone, or by interference with the blood supply to these glands In the 
immediate postoperative period, edema may be accompanied by a tran 
sient tetany, which is probably a result of ischemia and which disappears 
with the subsidence of the edema Some time after thyroidectomy, 
thrombosis or fibrosis may obstruct the circulation to the parathyroid 
glands and so gire rise to tetany When the damage to the para 
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thyroid tissue is extensive or when much tissue has been removed, 
tetany ma) occur within a matter of hours after an operation on the 
thyroid gland 

When, as a result of parathy roid deficienc) , the blood calcium has 
fallen to 7 or 8 mg per cent, a condition of latent tetany exists, an 
attach being probable after unusual exertion, emotional stress, men 
struation, or overbreathing 

A drop in serum calcium to a level betvv een 4 and 6 mg per cent 
generally gives rise to the typical signs and symptoms of parathyroid 
tetany Carpopedal spasm is often the first symptom Other muscular 
contractions invariably occur, and the slightest stimulus may induce 
violent spasms of facial and abdominal muscles There may be constant 
numbness and tingling of the feet, legs, hands and face Epileptiform 
convulsions may occur The onset of postoperativ e tetany may be sud 
den and the violent muscular contractions may interfere seriously with 
breathing and swallowing Spasm of the glottis or diaphragm may 
cause death unless intervention is prompt and effective 

The acute spasms may be controlled within a very few minutes by 
the intravenous administration of from 5 to 10 cc of 10 per cent cal 
cium chloride solution mixed with 100 cc of normal saline solution 
to prevent sloughing Sloughing will result if leakage occurs outside 
the vein Calcium gluconate is less irritating to tissues but less effective 
than calcium chloride Doses of 10 to 20 cc of 10 per cent calcium 
gluconate solution may be given intravenously or deep intramuscularly 
into the buttock 

Following such an injection, the scrum calcium rises temporarily, 
only to sink to its former low level within one to four hours The in 
jection may have to be repeated once or twice Immediately after the 
first injection of calcium, parathyroid extract (1 to 3 cc of the extract 
which contains fuff US P units per cc j should he given mtnrrrrtrsctr 
larly or intravenously After several hours, parathyroid extract begins 
to manifest its effect by maintaining the serum calcium at a level above 
that at which the attack occurred 

In severe hypoparathyroidism, injections of parathyroid extract must 
be made daily because the effect wears off within 20 to 24 hours Not 
only is the extract costly but also a tolerance to its action develops 
gradually until even large doses arc ineffective in maintaining serum 
calcium at the necessary level to prevent tetany 
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In the treatment of both transient and chronic hypoparathyroidism, a 
high calcium intake is essential From 10 to 15 Gm of calcium lactate 
or calcium gluconate and a quart of milk daily constitute an adequate 
supply of calcium To promote utilization of the calcium ingested and 
to maintain serum calcium at the normal level in hypoparathyroidism, 
dihydrotach) sterol, a congener of vitamin D is at present generally 
prescribed m the form of capsules (each of which contains 0 625 mg 
of the active substance) The dosage depends upon the intake of cat 
cium and upon the severitj of the hypoparathyroid condition Mac 
Btyde (1944) found that, in severe chronic hypoparathjroidism, 1 or 
2 capsules of dihjdrotachy sterol a day may be sufficient to maintain 
serum calcium at the normal level, provided 10 to 15 Gm of calcium 
lactate powder was also administered daily It is to be noted that large 
doses of dihydrotachy sterol may cause hypercalcemia and severe toxic 
effects In chronic cases, the maintenance dose is determined by re 
peated estimations of serum calcium, and should be the minimum 
necessary to maintain a normal concentration of calcium in the blood 
Large doses of vitamin D gives results similar to those obtainable with 
dihjdrotachj sterol The vitamin may also cause hypercalcemia and 
associated toxic effects 

The possibility of latent parathyroid tetany or mild chronic hypo 
parathyroidism as a complication following operations on the thyroid 
gland should be considered because of the degenerative changes which 
eventually take place as the serum calcium remains subnormal for a 
prolonged period The most serious late development in most cases 
is the formation of bilateral cataracts Occasionally, the inorganic 
phosphate of the blood may rise, and severe renal damage may ensue 
Other symptoms of chronic hypoparathyroidism are gastro-mtestinal 
disturbances (flatulence, alternating constipation and diarrhea), loss of 
hair, ridging of nails and horizontal groov mg of teeth, muscular spasm 
in arms or legs following slight pressure or moderate physical ex 
ertion Diagnosis depends upon determination of the serum calcium 
and upon confirmatory evidence afforded by the following signs 
Cbiosiek’s sign gentle tapping over the trunk of the facial nerve and 
just anterior to external auditory meatus will cause spasm of the in 
nervated muscles Lrb’s stgn a comparatively weak electrical stimulus 
of a motor nerve causes muscular contraction Trousseau’s sign carpal 
spasm occurs within one to three minutes after inflation of the blood 
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pressure cuff applied abo\e the elbow , the muscular contraction results 
from temporary deprivation of the blood supply to the nerve trunk 
Although desiccated thyroid promotes absorption of calcium and is 
a factor in the maintenance of a normal level of serum calcium in 
hypothyroidism the possibly untoward effects of administration of this 
substance to the (formerly) thyrotoxic patient with hypoparathyroidism 
should be carefully taken into account — an undesirable reaction may 
follow its use even when hypothyroidism and hypoparathyroidism co 
exist as postoperative complications 

We always leave sufficient thyroid tissue at the posterior portion of 
the gland so that subsequent scar tissue formation does not jeopardize 
the parathyroid glands (or recurrent nerves) On rare occasions m our 
experience, a temporary tetany has occurred within 24 to 48 hours 
following thyroidectomy This condition was probably the result of 
edema of the parathyroids and responded well to calcium therapy 
usually disappearing within 12 hours 
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CHAPTER XV 


POSTOPERATIVE SEQUELAE 

I T is OUR comictton that all patients who ha\e undergone thyroid 
ectom) require frequent examination b) one who understands thy 
roid manifestations and can determine to what extent the operation has 
been a success When the patient has received optimal preoperative and 
postoperative care, and when the operation has been timed with meet) 
and skillfull) done, the incidence of late complications is low The great 
majont) of patients who have been subjected to thyroidectomy for 
th) rotoxicosis do eminentl) well and remain free from a recurrence of 
their previous condition and are untroubled by h)poth)roidism, progres 
sive exophthalmos or other potentiall) dangerous developments 
Nevertheless, in certain percentage of cases, complications do eventuate 
and, unless treated earl) and adequately, maj have serious or even fatal 
results The importance of proper postoperative management is so 
great, that if the operation and its follow up treatment can remain in 
the hands of the same surgeon for months or )ears if necessary, the 
benefit to the patient is almost immeasurable Unfortunately, such an 
arrangement is seldom feasible Regular examination is obviousl) 
indispensable and maj frequently be life saving in the cases of thyro- 
cardiacs, the clderl), and those showing pronounced exophthalmos 

POSTOPI RATIVE HYPOTHYROIDISM 
The incidence of h)poth)roidism following th) roidectom) is \er) 
wpfcSTAwyr. toas b/w. ptsSwimt'A m rate w» 'utoth 

a condition of true h) perth) roidism actuall) existed The precise mci 
dencc of h)poth)roidism following thyroidectom) is difficult to dc 
termme not onl) do var)ing degrees of h)poth)roidism occur but also 
the diagnosis of this postoperative complication is not a!vva)s as simple 
as it is commonl) stated to be Nafe ( 19 <0) recognized 3 t)pe$ of 
h)poth)toid patients in 30Q cases reviewed b) him (l) patients who 
were definitcl) myxedematous, requiring more or less continuous medi 
cation with desiccated th)roid — 1 per cent of cases in this series, 
{ 400 ] 
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(2) patients with definite hypothy roidism — which, however, dis 
appeared after a period of several months, little or no medication being 
given — approximately 6 per cent of cases, (3) patients with rather 
indefinite symptoms of hypothyroidism (lack of energ), general ma 
laise, inability to work), the condition improving markedly following 
medication with small doses of desiccated thyroid The incidence of 
such borderline hypoth) roidism was not stated by Nafe and ma) be 
difficult to determine The frequency of occurrence of postoperative 
hyperthyroidism is much higher after thyroidectomy for diffuse goiter 
with hyperthyroidism than after thyroidectomy for nodular goiter 
As a late complication of thyroidectomy, hypothyroidism seldom 
appears before the second or third month after operation The degree 
of hypothyroidism is not directly dependent upon the amount of re 
mainmg thyroid tissue The most significant factors concerned appear to 
be (l) activity of the remnant (le, extent of functional capacity), 
and (2) ability of the remaining thyroid tissue to increase its activity, 
assume its function, or undergo regeneration following thyroidectomy 
Diagnosis may of course be suggested by the typical symptoms of 
myxedema — such as marked gain in weight, lack of energy, sallow 
color, dry skin with thickening and scaling on dorsum of hands, and 
puffiness of eyelids Characteristically, but not invariably, there is a 
reduction in the basal metabolic rate, most cases of myxedema showing 
readings of betw een — 20 and — 40 In many cases however, the basal 
metabolic rate may be close to normal Blood cholesterol is as a rule 
above normal The diagnosis suggested by the clinical picture, the 
basal metabolic rate and blood cholesterol may be confirmed by a 
therapeutic test with small doses of thyroid extract 

It must be emphasized that most cases of hypothyroidism following 
thyroidectomy will undergo improvement without medication and 
also that generally the remnant of thyroid tissue will resume its normal 
function more readily when desiccated thyroid is not given Obviously, 
however, no case of marked hypothyroidism should be allowed to go 
untreated 

Recurrent or Persistent Hyperthyroidism 
The recurrence of hyperthyroidism after thyroidectomy is an ex 
tremely unpleasant and undesirable experience for both the patient 
and the surgeon Yet it is an experience which still seems to occur with 
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unwarranted frequency , even though much progress has been made 
during recent jears toward reducing the incidence of such recurrences 

As Thompson Morris, and Thompson (1930) have stressed, the 
frequency with which recurrent hyperthyroidism is encountered depends 
m some measure upon how carefully the patients are followed and how 
well their postoperative course is interpreted It ma) be expected that 
the longer and more carefully a group of patients is followed, the 
higher will be the rate of recurrence* — simply because more of the 
later appearing cases will be seen and diagnosed In a more recent 
comprehensive study, Preston and Thompson (1942) distinguished 
carefully between persistent and recurrent hyperthyroidism In com 
mon with other authors they considered the thyrotoxicosis to be per 
sistent when there was evidence that the disease had not temporarily 
disappeared after the operation, unless iodine had been administered, 
the hyperthyroidism was regarded as recurrent only when there was 
evidence to show that, after operation, there had been a period m 
which the disease was not present, no medication being given at the 
time The incidence of recurrent hyperthyroidism as reported by various 
authors is given in the following table 

It is to be noted that in general the reports in the literature do not 
distinguish between persistence and recurrence of the disease when the 
incidence of postoperativ e thyrotoxicosis is gi\ en Nev ertheless, accord 
mg to Preston and Thompson (1942), there seems to be general 
agreement that all patients having subtotal thyroidectomy for toxic 
goiter, 2 7 to 6 5 per cent have severe enough postoperative thyrotoxi 
cosis to require a second thyroidectomy As shown by our own ex 
penence, however, it is possible to reduce the incidence of postoperative 
thyrotoxicosis to less than 1 per cent in a large series of patients 
(DeCourcy, 1911, 1912), the factors involved are discussed in a later 
section in this chapter (page 405) 

Oiusvs AoVnorititb ate m gcTitia\ agittmem \VirA Vnt crctalanAmg 
cause of persistent and recurrent thyrotoxicosis is the failure to re 
move enough thyroid tissue In general, the greater the amount of 
thyroid tissue left at operation, the greater the probability of per 
sistence or recurrence of hyperthyroidism, and, conversely, the more 

• Here we are assuming lhat the pal* 011 * ail rccei'c the same postoperative care 
Of course the belief the postoperative management the lower will be the incidence of 
recurrences 
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Table I 

Incidence of Recurrent Hyperthyroidism 


(as reported by various authors) 


Authors 

ts umber of 
Patients 

Per cent of 
recurrences 

Thompson Moms and Thompson (1930) 

Various dimes 


025 — 25% 

Massachusetts General Hospital (1920 1929) 

190 

19 5% 

Joyce (1931) 

Portland Clinic (Portland Oregon) 


5 7% 

(hyperplastic 

goiter) 

3 6% 

(adenomatous 

goiter) 

Buchbinder (1931) 

582 

3 3% 

(those requiring 
a second 
operation) 

Gillette 

108 

6 5% 

Cattell (1939) Cattell and Morgan (1939) 

Cattell and Perkin (1939) 

Lahey dime (1928 1937) 

4 956 

3 7% 

(those operated 
upon for recur 
rent hyperthy- 
roidism) 

Preston and Thompson (1942) 

Presbyterian Hospital (Chicago) 

(1930 1939) 

212 

17 5% 

(exophthalmic 

goiter) 


82 

2 4% 

(toxic 

adenoma) 

DeCourcy (1912) 

1 000 

less than 1% 


nearly complete the thyroidectomy, the less responsive i$ the gland to 
any stimulation which may tend to cause an increase in activity Many 
reports have established these general rules, which, however, ha\e im 
portant exceptions 

It would seem that the intensity with which the causative factors 
in the disease continue to act may be a modifying influence affecting the 
relationship between the amount of remaining thyroid tissue and the 
degree of postoperative thy rotoxicosis A small per cent of patients 
manifest definite hyperthyroidism e\en though little or no palpable 
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tissue remains (Phemiston and Delaney, 1933, Haines and Pemberton, 
1936, Moorhead, 1910) Nevertheless, Preston and Thompson noted 
a rough parallelism between the amount of thyroid tissue palpable 
after operation and the degree of postoperative thyrotoxicosis, although 
there were significant exceptions Thus regeneration of thyfoid tissue 
was observed in 74 per cent of patients with postoperative thyrotoxicosis 
whereas such regeneration was observed in only 15 per cent of patients 
who did not show hyperthyroidism after operation These authors have 
stated The presence of palpable thyroid tissue after operation is 
evidence in favor of thyrotoxicosis until proved otherwise Cattell 
and Morgan (1939) found that palpation of the thyroid gland after 
operation does not reveal accurately the amount of thyroid tissue re 
maining because the scar tissue makes it difficult to outline the lateral 
lobe Preston and Thompson noted that palpation is difficult for 
only a few weeks after operation, when induration appears and there 
fore m many patients thyroid tissue can then easily be palpated and can 
often be observed to regenerate or regress in amount Reinhardt 
(1912) has reported on a method of determining completeness of thy 
roidectomy using radioactive iodine The extension of such investiga 
tions, when radioactive iodine becomes generally available, may be 
expected to provide us with more definite information along these 
lines and should open new ways to improved therapy 

Just why, m certain cases, the remaining thyroid tissue undergoes 
regeneration is a most important problem, this regeneration may be 
regarded as evidence that the cause of the disease is still active An 
equally important problem is that of hyperthyroidism induced when 
only a minimum of tissue is left at operation and no regeneration 
of this tissue can fcc observed Finally, in any discussion of the causa 
live factors in recurrent hyperthyroidism, the possible significance of 
infection, overwork, pregnancy and psychic factors must at least be 
mentioned Although the precise roles played by such factors are stifi 
obscure nevertheless all clinicians know that one or more of these 
factors must be assumed in many cases to act as precipitating influences 
in recurrent thyrotoxicosis 

Prevention As regards the avoidance of persistent and recurrent 
thyrotoxicosis, it is no longer a problem with us to decide how much 
gland should be allowed to remain when doing a thyroidectomy Our 
experience as well as that of many others has established that it is 



POSTOPERATIVE SEQUELAE 405 

better to remove too much rather than too little of the tissue It should 
not be forgotten that it is far easier to control hypothyroidism than it is 
to overcome hyperthyroidism The administration of desiccated thyroid 
will maintain a normal basic metabolic rate in cases of the former con 
dition, but at present surgery is our only certain recourse in the latter 
instance The results with thiourea, thiouracil and propylthiouracil are 
as yet inconclusive 

We do not, however, perform a complete thyroidectomy We always 
leave sufficient thyroid tissue at the posterior portion of the gland so 
that subsequent scar tissue formation does not jeopardize the recurrent 
nerves or the parathyroid glands As a consequence of such surgical 
procedure, together with our present methods of postoperatn e care, 
a normal basal metabolic rate can be maintained after thyroidectomy 

In one phase of our postoperative treatment we diverge from custo 
mary procedures and we attribute much of our success to this therapy 
in our last series of 1,000 thyroidectomies, our recurrence rate has been 
less than 1 per cent At the DeCourcy Clinic we have found that by 
administering one half grain of thyroid extract twice a day after all 
thyroidectomies, over a period of a year or more if necessary, we no 
longer need fear the recurrence of hyperthyroidism In fact, our re 
currence rate is practically nil, and this holds true even though the pa 
tient frequently returns to the same life that he or she was leading 
when the hyperthyroidism developed 

We ha\e been prescribing desiccated thyroid in one half grain doses 
twice a day beginning about 2 weeks after the thyroidectomy, as a 
means of maintaining the basal metabolic rate within normal limits 
Such treatment is continued for at least 3 months After this time the 
patients are observed regularly at I month intervals and repeated 
metabolism tests are made Where such examination and tests indicate 
that the residual portion of the gland does not maintain the basal 
metabolic rate within the normal range, that is, if the reading falls 
below minus 10, administration of desiccated thyroid is resumed This 
follow up and medication are continued o\er a period of se\eral years, 
if necessary Obviously, the administration and dosage of desiccated 
thyroid must be individualized and based upon frequent observations 
and metabolic tests 

We feel that, by keeping sufficient thyroid in the blood stream fol 
lowing operation, the thyroid remains at rest, as it were, and that re 
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currcnce of hyperthyroidism will not ensue In our opinion this is the 
answer to the prevention of recurrences, which ha\e previously been 
reported in what must be considered a high proportion of cases 

This thjroid medication also tends to present sluggishness, aching 
and cramped muscles, puffiness of the face and other symptoms which 
have been of frequent occurrence after thyroidectomy It must be 
pointed out that such thyroid medication constitutes only a part of the 
procedure, though indeed an important part The administration of the 
drug must be accompanied by an orderly and healthful mode of living 

We began to use this form of treatment postoperatively several years 
ago, after w e had discovered that desiccated thyroid extract was more 
beneficial in the treatment of non toxic diffuse goiter than was iodine 
As a matter of fact, we have had striking results in the treatment of 
such goiters by the oral administration of thyroid than by depending 
solely upon iodine as heretofore Non toxic diffuse goiter regularly 
diminishes m size and disappears following use of thyroid extract, 
whereas, after iodine therapy, the thyroid gland frequently becomes 
bosselated and enters into the phase of nodular goiter 

On the basis of our experience and theory that the administration of 
thyroid extract causes an atrophy of the gland due to disuse, we have 
used this treatment upon a number of patients with diffuse toxic goiter 
who refused operation The following is one of the case reports 

Mrs H , age 35, was examined at the Clinic on March 5, 1941, and 
was found to have exophthalmic goiter with marked protrusion of the 
eyeballs Her basal metabolic rate (3 readings) was plus 65 The pulse 
rate was 130 She had lost 15 pounds in weight during the preceding 
2 months She was advised to have a thyroidectomy but refused oper 
ation 

On March 12, she was given Lugol s solution, 10 drops 3 times a 
day This medication was continued until March 27, at which time the 
maximum effects of the medication seemed to hav e been attained Her 
basal metabolic rate had dropped to plus 39 The dosage of the Lugol s 
solution was then reduced to 5 drops once daily and 1 grain of desic 
cated thyroid was given twice daily 

On April 10 the administration of Lugol s solution was stopped 
and 1 grain of desiccated thyroid twice daily was continued On this 
date the patient had shown a weight rise from 118 to 130 pounds, a 
gain of 12 pounds in 5 weeks Her thyroid had undergone involution 
and her systemic condition was greatly improved Her pulse, after 
rest, w as 86 
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Examination on June 6, 2 months later, during w hich time 1 grain 
of thyroid extract twice a day was taken exclusively and continuously, 
showed a distinct improvement Although her basal metabolic rate still 
remained plus 35, the size of her thyroid had diminished to one half of 
what it had been two months previously Her weight had increased by 
2/2 pounds to a level of 13214 pounds Tremor had diminished, but her 
heart beat, with a rate of 86, was still high Thyroid, 1 gram twice daily, 
w as continued 

On June 20, the patient s weight had increased to 137 pounds The 
basal metabolic rate was plus 33 Tremor was markedly lessened, the 
thyroid had diminished m size and was of colloid consistency 

On August 15, the patient s weight was 134 pounds, basal metabolic 
rate was plus 13, tremor was absent, the heart rate was 78 sitting, and 
72 resting in bed The thyroid was still palpable but had continued to 
diminish in size 

The work of Rienhoff (1940, 1941) has provided impressive evi 
dence in fas or of our views along these lines and has done much to 
elucidate the physiological bases for such therapy In 1940 Rienhoff 
reported that, from the clinical as well as the histological standpoint 
atrophy of the thyroid gland could be produced in cases of simple 
diffuse goiter and nodular colloid goiter, as the result of the oral ad 
ministration of desiccated thyroid 

The changes observed in the histological structure of the thyroid 
appear to substantiate his hypothesis that the secretion of the thyroid 
in the blood stream probably determines the degree of activity of the 
thyroid parenchyma at any given time Thus, in his opinion, the cellular 
activity of the gland would proceed at a minimum rate in the presence 
of an abundance of exogenic thyroid principle in the blood stream 
In hts later paper (1941), Rienhoff remarked Tentatively it may 
be suggested that the administration of desiccated thyroid to patients 
with hyperthyroidism brings about, in some cases at least, a functional 
atrophy of the thyroid gland In at least one of his more recent series 
of cases, there is e\ idence which indicates that thyroid medication re 
suited in structural atrophy of the thyroid gland 

While at this time we would not recommend exclusively medical 
treatment of exophthalmic goiter, we feel that our experience should 
dispel the older concept that giving thyroid extract to these patients 
is only adding fuel to the fire ’ We realize that this treatment is not 
new, having been used to a limited extent many years ago, but in the 
meantime our understanding and methods of differentiation of thyroid 
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diseases have vastly improved so that now we arc able to try this treat 
ment where true hj perth yroidism actually exists 

Our experience with this type of medical treatment of exophthalmic 
goiter is quite limited and may not be extended so as to permit gen 
eral application Nevertheless, our results with postoperative thyroid 
medication in thyrotoxicosis show that thyroid therapy serves as a pre 
venttve of recurrences and adds greatly to the comfort of patients who 
have undergone thyroidectomy We also feel that we have dispelled 
the fear of using desiccated thyroid postoperatively in these cases 

In common with a number of other workers we believe that, 
whereas involution of the gland occurs as a result of the preoperative 
use of iodine, its value is only temporary the continued use of iodine 
w ill not prevent the return of the hyperthyroidism Because of this fact 
we have always considered it useless to give iodine postoperatively over 
a long period of time The portion of the gland which is allowed to 
remain at operation remains hyperplastic, so that thyroidectomy is only 
a quantitativ e approach to a cure rather than a qualitative one Conse 
quently , if one cm cause a disuse atrophy to occur in the remaining por 
tion of the gland by giving thyroid extract, we shall have gone a long 
way toward the permanent relief of hyperthyroidism 

Treatment In a certain percentage of cases, recurrent hyperthy 
roidism responds, at least temporarily and to a limited extent, to ad 
ministration of iodine, but, in general, the results are unsatisfactory, 
according to most authorities The use of desiccated thyroid would 
seem to be indicated, with a view toward the development of an 
atrophy resulting from disuse, as explained in the preceding section 
A number of clinicians have employed roentgenotherapy with some 
degree of success Further investigations may show that propyl thiou 
racil or some other thio drug can be used to bring about the desired 
vemresron 

In the event that medical measures or roentgen therapy do not 
serve to keep the basal metabolic rate within or near the normal 
range, and especially if the symptoms of thyrotoxicosis become in 
creasingly severe, a second thyroidectomy may become necessary Two 
facts would seem to be of the utmost importance in this connection 
(1) The course of postoperative thyrotoxicosis resembles that of the 
untreated disease, and (2) the technical difficulties involved m a 
second thyroidectomy may be very great With regard to the first 
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consideration, as in the case of the untreated disease an exacerbation 
of sjmptoms ma> be only temporary and it may be advantageous to 
wait for a subsidence of symptoms, in the meantime, medical measures 
may begin to have their desired effect One must be very sure that an 
operation is actually indicated, and this assurance can onlj be gained 
after prolonged and careful stud) of the individual case 

Dinsmore and Crile (1941) ha\e stressed the problems of a second 
th) roidectomy In secondary operations, the morbidity is greatly m 
creased, and the incidence of technical accidents is almost 4 times as 
high as in primary thyroidectomies These authors have stated There 
is perhaps no operation which can be so difficult as the adequate re 
moval of a brittle, hyperplastic and vascular recurrent goiter The 
inflammatory reaction following the first operation may have drawn 
the recurrent nerve into the capsule of the gland, and the jugular 
vein may have become adherent to the lateral border of the gland The 
scar tissue often conceals the parathjroid glands, some of which ma> 
have, however, been removed at the first operation , the location of the 
remaining parathyroids may be expected to be at)pical Hence such 
an operation requires maximum surgical skill as well as the greatest 
possible care of the patient — preoperatively, during the operation, 
and postoperatively Dinsmore and Crile have found that the per 
centage of second recurrences of thyrotoxicosis (i e , recurrences after 
a second thyroidectomy) is approximately that of primal) recurrences 
In view of these facts, it would seem all the more important that ade 
quate precautions be taken at the time of the first operation so that 
persistence or recurrence of the disease may not eventuate 

Exophthalmos 

Increased Prominence of the Eyes Following Medical and Sur 
gical Treatment Soley (1942, 1 944) has shown that, following 
thyroidectomy for exophthalmic goiter, the prominence of the eyes 
frequentl) increases e\en though improvement in the exophthalmos 
is suggested b) the patient s gross appearance (because of diminished 
retraction of the lid and lessened contraction of facial muscles) This 
observation has been confirmed and extended b) Dobyns (1945) and 
Dob) ns and Haines (1946), of the Majo Clinic In fact. Dob) ns and 
Haines, making actual measurements of the position of the eyes b) 
means of the Hurtel exophthalmometer, ha\e established that, usually 
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in cases of exophthalmic goiter some protrusion of the eyes is produced 
not only b) th) roidectomy but also by the administration of either 
iodine or thiouracil before th) roidectomy Further, development of 
myxedema is accompanied by an increased prominence of the eyes 
In most cases, the increase is of slight magnitude Administration of 
desiccated thyroid was followed by a slight decrease in the prominence 
of the eyes of myxedematous patients Because of the rapidity with 
which the increased protrusion decreased during treatment of myxe 
dema Dobyns and Haines suggested that an increase in the amount 
of fluid in the tissues of the orbit may be at least one factor in the 
production of the protrusion 

In this connection it is noteworthy that very severe exophthalmos 
has been reported by other authors to be a rare manifestation resulting 
from some toxic effect of thiouracil (Williams and Bissell, 1943, Barr 
and Shorr, 1915) This observation and the findings of Soley and of 
Dobyns and Haines focus attention on the possibility that the orbital 
changes occurring in severe progressive exophthalmos may be similar 
to those of minor degree following thyroidectomy or administration of 
iodine or thiouracil On this point, Dobyns and Haines have remarked 
It is possible that the slight global protrusion which so often follows 
thyroidectomy, administration of thiouracil, or the development of 
myxedema may be an added factor of some significance in those cases 
in which other factors predisposing to severe, progressive exophthalmos 
arc present These authors found some evidence that thyroid stimulat 
ing hormone is not responsible for the protrusion in these cases 

In the series of Dobyns and Haines, all cases treated with thiouracil 
showed some increase in the prominence of the eyes The increase 
varied from 0 5 mm to 4 75 mm In the majority of cases, the increase 
was 1 5 mm or more In one case, the eye changes were alarming 
As the. basal metabolic rate fell from -I- 33 pec ceoJt to — 5 , the pcoccu. 
nence of the globes increased from 20 5 mm to 25 25 Edema in 
creased, chemosis developed, and there was pain in and behind the 
eyes Even after the administration of desiccated thyroid and, later, 
iodine the eye signs and symptoms continued to increase After ccssa 
tion of the administration of thiouracil, medication with iodine and 
desiccated thyroid being continued, the appearance of the eyes im 
proved and the pam disappeared 

Marked Exophthalmos and Progressive Exophthalmos Following 



POSTOPERATIVE SEQUELAE 4ll 

Thyroidectomy In patients with marked exophthalmos before oper 
ation, usually only minor improvement in the gross appearance of the 
eyes may be expected after thyroidectomy, and, therefore, no promises 
as to the amount of recession should be made to the patient before 
operation Generally, the extent of the improvement depends largely 
upon the duration of the condition before operation In adv anced cases, 
there may be (1) slight recession, (2) no recession, or (3) slight, or, 
more rarely, serious progression of the exophthalmos At times, as a 
sequel to thyroidectomy, marked exophthalmos may appear for the first 
time 

Bxophthalmos may develop m association with acute hypometab 
olism, and the eye changes may suggest persistent or recurrent hyper 
thyroidism Clearly, a second thyroidectomy might then result m 
serious damage to the eyes Whenever recurrent hyperthyroidism is 
suggested by eye signs and symptoms, the eyes should be observed 
carefully and the patient should be studied painstakingly to determine 
the precise condition, the exophthalmos of acute hypometabolism with 
rapid edema may stimulate the exophthalmos of hyperthyroidism 

Many cases of malignant or progressive exophthalmos develop 
postoperatively even though no exophthalmos existed prior to thyroid 
ectomy As Ruedemann (1941) has pointed out, malignant exoph 
thalmos is frequently associated with few other evidences of thyroid 
disease, this fact strongly suggests that hyperthyroidism per se does 
not explain the clinical picture The basal metabolic rate may not be 
as high as might be expected, the pulse rate may not be very high 
and the weight loss may not be great The occasional patient may ac 
tually gam in weight In both the upper and the lower lids, the edema 
is similar to that seen m severe mvxedema These patients have venous 
engorgement and may have papilledema Often they are wracked by 
headaches 

The exophthalmos may be slowly or rapidly progressive, or it may 
show periods of quiescence when no detectable changes occur Over a 
period of months or years, in some patients there may be a slight 
improvement oc at least a cessation of progression (Means, 1945) If 
through some unfortunate error in judgment these patients are con 
sidered to have recurrent hyperthyroidism, and a second thyroidectomy 
is performed, not only may the general health be impaired but anterior 
luxation or even death may result 
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The number of cases of malignant exophthalmos may be reducers 
by careful study and proper selection of patients before operation 
Means (1914) has stressed that thyroidectomy must be avoided in cases 
in which the development of hyperophthalmopathic Graves disease 
may seem likely As regards exophthalmos which docs appear post 
operatively, certainly all will agree with Ruedemann ' Scrupulous care 
exercised at the time of onset of the exophthalmos to prevent additional 
operations upon the thyroid gland and adequate treatment with large 
doses of thyroid extract will reduce still further the incidence of this 
type of proptosis 

The majority of clinicians agree that in many cases when exoph 
thalmos is treated early by administration of adequate amounts of desic 
cated thyroid it may halt the disease, some patients may show a slow 
improvement It is advisable to give thyroid extract to the point of tol 
erance, the dosage being regulated in accordance with the signs and 
symptoms and repeated determinations of basal metabolic rate These 
patients generally have a high tolerance for desiccated thyroid The 
most careful consideration and attention must be given to all cases 
of malignant exophthalmos, one of the most serious of medical and 
surgical problems It is to be remembered that an exophthalmos may 
be apparently stationary for many months only to become suddenly 
progressive and definitely malignant, so that corneal ulceration and Joss 
of the eye may result 

When exophthalmos has reached an advanced phase the eyes must 
be protected with great care The chief danger is drying of the cornea 
with resultant exposure keratitis (Means, 1945), ulceration and per 
foration may follow As symptomatic treatment, plain vaseline may 
be used to grease the lids, goggles may be necessary to protect against 
dust Some authorities recommend that the lids be kept closed with 
tape or bandages When the eye is in danger, tarsorrhaphy and enudea 
tion may eventually become necessary (Poppen, 1914) Tor the emer 
gency relief of this condition, decappmg of the orbit according to 
the method of Naffziger (1931) would seem to be the procedure of 
choice Such radical surgery should be used only as a last resort 
(Poppen, 1911, Means, 1945) Means has emphasized that most of 
these cases may be treated conservatively and expectantly, provided 
they are regularly and carefully examined, in many instances there may 
be a halt in the progress of the disease 



POSTOPERATIVE SEQUELAE 


413 


Causative Factors in Malignant Exophthalmos There is consider 
able evidence favoring the view that thyrotropic hormone of the an 
tenor pituitary is the chief factor in the etiology of malignant exoph 
thalmos The most recent reviews of the literature are those of Brain 
(1945) and Means (1945) Additional evidence has been set forth 
by Dobyns (1946) in a series of studies on the exophthalmos producing 
effect of a variety of preparations of thy rotoxic hormone Dobyns has 
shown that, in guinea pigs, Antuitrin T produces toxic manifestations 
weight loss and exophthalmos A purified thyrotropic preparation 
causes hyperplasia of the thyroid epithelium of intact animals but does 
not produce exophthalmos or toxic effects in thy roidectomized animals 
whereas a crude thyrotropic product produces exophthalmos and slight 
toxic manifestations in thyroidectomized animals as well as hyperplasia 
of the thyroid epithelium of intact animals These investigations and 
Brain s researches, which have served to focus attention on the relation 
ship of fat metabolism to exophthalmos (Brain 1945), may be ex 
pected to lead to further, important advances in this field New find 
mgs which will have practical application are sorely needed for, as 
Ruedemann (1941) has well said toxic goiter and malignant exoph 
thalmos present some of the most serious problems related to diseases 
of the endocrine system 

Disturbances of Ocular Muscles 
Ocular muscle disturbances are of frequent occurrence in thyro 
toxicosis, they are the most persistent of all the eye signs in thyroid 
disease (Ruedemann, 1941) The patient may experience much trouble 
and discomfort from the muscle error long after all other signs and 
symptoms of this disease have disappeared Ruedemann has pointed 
out that isolated muscle paralysis is common and bilateral muscle in 
volvement may occur, the muscles most frequently affected are the right 
superior rectus and right external rectus Because of the slowness of 
recovery from the thyrotoxicosis no operation on the ocular muscle* 
should be considered sooner than 6 months to 1 year after thyroid 
ectomy 
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Importance of Periodic Examinations 

Ever) patient who has undergone a thyroidectom) should be ex 
amined at regular intervals postoperatisely, so that possible late com 
plications maj be detected and treated earl) At each examination, the 
follow ing determinations should be made basal metabolic rate, electro- 
cardiogram, hemoglobin The basal metabolic rate determination will, 
of course, proside important information as to the progress of the 
patient and ma> sene to indicate the onset of either h)poth) roidism or 
recurrent hy perth) roidism The electrocardiogram is essential in cardiac 
cases, it must of course be remembered that in these patients there 
w ill be either a potential or an actual cardiac condition for the remainder 
of their lives, and they must be followed and treated accordingl) 
Anemia is not seldom associated with the h)poth)roid state, but it does 
occur also m h) perth) roidism (Boenheim et al , 1945) Furthermore, 
at the time of the periodic visit, the patient s general condition should 
be observed carefull), for an) signs or S)mptoms of hypo or h)per 
th) roidism Because of the possible late development of exophthalmos 
the ejes also should be carefull) examined, as has alread) been men 
tioned, exophthalmos may develop either in the hypoth)roid or the 
h)perthyroid condition, or ma) even become malignant in the absence 
of an) other s)mptoms or signs attributable to thyroid disease 

Optimal results in th)roid surgery are attainable onl) when each 
patient is studied as an individual, is followed carefull) through the 
months and )ears, and is promptl) and adequately treated should an) 
late complication eventuate 

Rehabilitation 

Patients who have had th)rotoxiCOsis require careful supervision 
and sympathetic understanding on the part of the pbysimn jf they 
are to lead a normal life, free from recurrence of their former con 
dition (DeCourc), 1911) Of vital importance is adequate ph)$ical and 
mental rest The patient must learn to relax and should engage in 
pleasurable activities, in moderation fatigue and such mental stresses 
as worr), excitement and similar ps)chic disturbances are to bcavoided 
Although few authorities would go so far as Pemberton (1930), who 
expressed the belief that ps)chic factors are the chief causes of re 
current h) perth) roidism, nevertheless probabl) most clinicians would 



POSTOPERATIVE SEQUELAE 


415 


agree that such factors may often precipitate a recurrence of hyper 
thyroidism when the basic cause is still present, either latent or active 
in some degree (Berlin and Gargill, 1940, Preston and Thompson, 
1942) A good diet also is essential to the optimal wellbeing of the 
patient who has undergone thyroidectomy, and he or she should be so 
informed 

Of course, it is quite inadvisable that the thyroid patient come to 
regard himself as a chronic m\ahd The patient should, rather, be tact 
fully led to the realization of the significance of a wise mode of daily 
existence m the pre\ ention of the recurrence of the former state of 
invalidism 


REFERENCES 

1 Berlin, D D , and Gargill S L Factors influencing persistent and recur 

rent hyperthyroidism Neti England f Med 222 254 1940 

2 Brain, W R Exophthalmos and endocrine disturbance Proc Ro) Soc 

Med, 38 666, 1945 

3 Buchbinder, W C Some cases of so called recurrent thyrotoxicosis 

M CUn North America 14 1267 1931 

4 Cattell, R B The technic of secondary thyroidectomy for recurrent or per 

sistent hyperthyroidism S Clm North America 19 573, 1959 

5 Cattell, R B , and Morgan, E S Recurrent hyperthyroidism Sing 

Gynec 6 Obit , 68 347, 1939 

6 Cattell, R B , and Perkin, H J Recurrent hyperthyroidism 1 Veit ] 

Surg, 47 55, 1939 

7 DeCourcy, J L Maintenance of normal basal metabolic rate after thyroid 

ectomy I Vest / Surg 49 419, 1941 

8 DeCourcy, J L Prevention of recurrent hyperthyroidism Ohio State 

At J 38 449,1942 

9 Dinsmore, R S , and Cnle, G , Jr Surgery of the thyroid gland, in Nel 

son s Neii Loose Lea) Surgery Chap XIII, p 723 New York Thos 
Nelson &. Sons, 1941 

10 Dobyns, B M The influence of thyroidectomy on the prominence of the 

eyes Surg , Gynec & Obit , 80 526, 1945 

1 1 Dobyns, B M Studies on exophthalmos produced by thyrotropic hormone 

I A study of exophthalmos produced by various thyrotropic hormones 
Surg Gynec & Obst , 82 290, 1946 

12 Dobyns, B M Studies on exophthalmos produced by thyrotropic hormone 

II Changes induced in various tissues and organs (including the orbit) 
by thyrotropic hormone and their relationship to exophthalmos Surg 
Gynec & Obst 82 609, 1946 



416 THT THYROID GLAND 

I 3 Dobyns, B M Studies on exophthalmos produced by thyrotropic hormone 
III Timber study of changes induced in fat by thyrotropic hormone 
(Tissue reactions associated with exophthalmos ) Surg Gytec&Obtt, 
82 717, 1916 

1 1 Dobyns, B M and Haines, S T Changes in the prominence of the eyes 
in carious thyroid states J Cltn Endocrinol , 6 633, 19 16 

15 Gillette, N W Recurrent hyperthyroidism If'est J Snrg,< 15 501,1937 

16 Haines S T, and Pemberton j dc J Control of hyperthyroidism follow 

mg partial thy roidectomy Arch Ini Med 57 1101 1936 

17 Joyce, T M Thyroid surgery at the Portland Clinic Ann Surg 91 563, 

1931 

18 Means J H The nature of Graces disease with special reference to its 

ophthalmic component Am J Af Sc 207 1 1944 

19 Means, J H Hyperophthalmopathic Graces disease Ann l»i Med 

23 869, 1915 

20 Moorhead T G Alhyroid toxicosis Irish J Al Sr pp 80 M , 1940 

21 Nafe, C A Metabolic disturbances following thyroidectomy Tr Am A 

Study Goiter (1939) p 192, 1940 

>2 Naffaigcr, H C Progressice exophthalmos following thyroidectomy, 
pathology and treatment Ann Surg 94 582, 1931 
’3 Pemberton, J de J Recurring exophthalmic goiter JAMA 911483 
1930 

21 Phemistcr, D B and Delaney P A Thyrotoxicosis continuing after ex 
treme operative iodine and roentgen therapy JAMA 100 568, 1933 
'5 Preston, J W , and Thompson, W O Persistence and recurrence of toxic 
goiter following subtotal thyroidectomy Arch Ini Med 69 1019, 
1942 

26 Reinhardt, W O Method for determining completeness of thyroidectomy 

using radioactive iodine Proc Soc Exper Biol 6 Med , 50 81, 1912 

27 Rienhoff, W I , Jr Microscopic changes induced tn thyroid gland by oral 

administration of desiccated thyroid, use of substance in treatment of 
congenital and simple colloid goiter Arch Surg 41 187 19 10 
29 Rienhoff, W T, Jr Changes induced in patients with hyperthyroidism by 
the oral administration of desiccated thyroid Bull Johns Hopkins 
llosp 63 538, 1911 

29 Ruedemann A D Eye changes in diseases of the thyroid gland 9 Chn 

North America 21 1313,1911 

30 Soley, M H Exophthalmos in patients with various types of goiter Arch 

bit Med 70 206, 1912 

31 Soley, M H Exopththalmos in diseases of the thyroid Cali for tut & West 

Med, 60 64, 1914 

32 Soley, M H Exophthalmos secondary to edema and degenerative changes 

m the orbital tissues / Nert & Men! Du , 99 865, 1911 



POSTOPERATIVE SEQUELAE 


33 Thompson, W O , Morns, A E , and Thompson, P K. Thyrotoxicosis 

following thyroidectomy for exophthalmic goiter Arch Ini Med , 46 
946, 1930 

34 Williams, R H , and Bissell, G W Thiouracil in the treatment of th) ro 

toxicosis New England } Med 229 97, 1943 

35 Young, T O Recurrent and continuing hyperthyroidism Am J Surg, 

39 104, 1938 



CHAPTER XVI 


FUTURE OF THYROID SURGERY 

C ERTAIN statements concerning the future of thyroid surgery would 
appear to-be universally acceptable Progress will continue, surely 
along many different lines Hence we can confidently look forward to 
an extension of certain gratify ingly successful trends not only in the 
actual practice of thyroid surgery but also m basic research upon which 
every advance, of course, depends 

During recent years, the mortality rate following thyroidectomy 
has been reduced so that now, in the clinics where large numbers of 
operations are performed, it averages between 0 5 and 1 5 per cent 
Analysis of the factors which have made possible this reduction would 
seem to point to its continuation Methods of diagnosis and of esti 
mating operability and degree of thyrotoxicosis have been improved, 
the patient has been given the advantages of better preoperative and 
postoperative care as well as of refinements in surgical technique 
A greater understanding of the diagnostic significance of the typical 
signs and symptoms and their variability in hyperthyroidism now per 
mils earlier as well as surer diagnosis and therefore earlier treatment 
The physician and the surgeon more readily recognize cases of apathetic 
or masked hyperthyroidism With reason, we may expect that methods 
of determining serum iodine level and concentration of circulating hor 
mone will be rendered still more sensitive and accurate, such measure 
ments are guides to treatment as well as to diagnosis Still other tests, 
as yet m the earliest stages of development^ should enable us to de 
termme with greater precision than at present the condition of the 
thyrocardiac patient, the optimal time for operation, and the prob 
ability of circulatory failure during or after operation 

The geriatric patient has presented special problems, not only as 
a potential thyrocardiac but also as a patient whose reactions to drugs, 
common procedures, and surgery are to a large extent unpredictable 
Also, the elderly patient usually has complicating disorders along with 
hyperthyroidism, ins vital reserves have been drained by the years and 
C 418 1 
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b) diseases o£ long duration, and his psychic manifestations and re 
actions are markedly different from those of the younger patient It 
is, of course, these poor risk, cases — the elderly, the thyrocardiac, the 
diabetic, and others -with complicating disorders — which show the 
highest mortality rate The future should witness the devising of much 
better methods of management of such cases Geriatrics may be said to 
be only in its infancy, but its contributions have already been im 
mensely helpful in extending the knowledge of the special procedures 
which give the best results in the medical and surgical treatment of 
thyroid disease as encountered in the aged The special management 
indicated for patients in all age groups who have complicating dis 
orders of a chronic or degenerative nature is gradually being worked 
out so that results are increasingly satisfactory This trend should con 
tmue, researches upon degenerative diseases are being planned and 
pursued to a far greater extent than in the past 

The outstanding factor in the reduction of the mortality rate in 
thyroid surgery has been the use of iodine in the preparation of the 
thyrotoxic patient for thyroidectomy And just as Plummer pointed 
out convincingly the value of iodine m preoperative medication of the 
patient with Graves disease and so instigated a major advance, so 
Astwood recently demonstrated clinically the beneficial effects of thiou 
racil, and thus marked the opening of another new era in the therapy 
of hyperthyroidism At first, as some claimed it seemed possible if 
not probable that thiouracil, thiourea or perhaps some more effective 
less toxic goitrogenic agent would be employed to the exclusion of 
iodine in preoperative medication These goitrogenic agents appear to 
have an already established place, and a very important one, in the 
treatment of hyperthyroidism As we have mentioned m another 
chapter (page 156), goitrogenic agents do have numerous toxic side 
effects and have caused a small percentage of fatalities but, unless 
these drugs are eventually shown to be insidiously and profoundly toxic 
in some way or ways still unkown, their use will be extended at least 
in the preoperative treatment of certain types of patients Goitrogens 
would appear to be most valuable in the preoperative medication of the 
following types of patients (1) Patients with Graves disease who are 
not benefited by iodine medication, about 3 per cent of cases of exoph 
thalmic goiter not responding to this medication, (2) Patients having 
an idiosyncrasy to iodine, (3) Patients rendered iodine fast by ill 
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advised prolonged treatment with iodine, and (4) Extraordinarily 
thyrotoxic patients 

As the present low mortality proves, the average patient with 
Graces disease can be brought to operation with an adequate margin 
of safety by proper preoperative medication w ith iodine Unless there 
are errors in management of the case or errors on the operating table, 
the fatalities that do occur are almost invariably among the poor risk 
patients Decisive statistics concerning the advantages to be derived 
from thiouracilization rather than lodmation of the poor risk patient 
have not yet been forthcoming, however, thiouracil as a rule does 
effect a greater decrease in toxicity than does iodine Thiouracil or 
another goitrogen may be indicated — by the results of present and 
future investigations — in the preoperative medication of patients 
who are fair risks or poor risks 

Proper lodmation of the patient is still necessary, and in all prob 
ability w ill continue to be necessary, in preoperative medication whether 
or not a goitrogen is also employed Thiouracilization without a course 
of lodmation causes technical difficulties at operation the thyroid gland 
is more friable and hemostasis is less readily achieved than when the 
patient has been properly lodtmzed 

Many authorities have warned of the possible danger of carctno 
genesis by goitrogens when employed in the treatment of patients with 
toxic nodular goiter The trend of present investigations is toward the 
confirmation of such misgivings and if such confirmation is clear and 
indubitable, then other considerations come to mind A certain per 
centage of individuals in every age group, and perhaps 40 to 50 per 
cent of the elderly (as shown by routine postmortem examinations of 
all types of fatally terminating cases) have been shown to have nodules 
in the thyroid Most of these nodules are of the colloid adenomatous 
type, and probably represent local areas of hyperinvolution with fibrous 
capsules, the danger of eventual malignancy is believed to be low 
But discrete adenomas although occurring less frequently than colloid 
adenomatous nodules, arc far more likely to undergo malignant de 
generation Just what effect, if any, prolonged administration of goitro 
gens will have upon such nodules in hypcrthyroid patients of all types 
cannot be determined for many years It may or may not be advisable 
to use thiouracil therapy as the sole treatment of hyperthyroidism, such 
medication must be prolonged over many months Many cures follow 
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mg this form of therapy have been reported, and the reported rate of 
temporary remissions is much higher Still, the consen ative consensus 
is that the best treatment of toxic goiter is early thyroidectomy — per 
formed as soon as the operability has been rendered satisfactory bj 
preoperative medication, whether by iodine or by iodine and a goitrogen 

Prolonged thiouracilization — over a period sufficient to permit 
some temporary remission or perhaps an apparent cure — is costly , and 
in many cases would be more costly and more inconvenient to patient 
and physician than thyroidectomy Recurrence after thiouracil therapy 
as the sole treatment is frequent Another course of medication, if not 
thyroidectomy, is indicated tn every recurrence the cost is then in 
creased And every course of thiouracil medication necessitates frequent 
examination of the patient to determine w hether or not toxic reactions 
are developing 

In many localities, dimes with the personnel and facilities for satis 
factory treatment of the thyroid patient ha\ e not yet been established 
And it is in these areas that medical management of exophthalmic 
goiter by thiouracilization may be found to give better results than 
thyroidectomy performed under adverse conditions The risks of course 
may be great, but in such localities the mortality rates before, during 
and after thyroidectomy are much higher than the rates reported from 
leading clinics Besides many patients go untreated altogether One 
consideration abo\e all others seems worthy of special emphasis Will 
encouraging reports of results of goitrogen therapy in exophthalmic 
goiter tempt the inexperienced to undertake the medical treatment of 
all cases of toxic goiter — and cases of apparent hyperthyroidism 11 Dif 
ferential diagnosis remains a difficult problem 

The results of the surgical treatment of cancer of the thyroid have 
impro\ed in recent years but the advances in this field are scarcely 
comparable to those in the therapy of goiter Even the comparison of 
results of earlier therapy and more recent methods of treatment of 
thyroid cancer is difficult — as is comparison of results from different 
clinics today To achieve a clear cut evaluation of clinical results in the 
treatment of cancer of the thy roid gland v. e must have more satisfactory 
methods of classification of thyroid tumors Some regard practically all 
papillary tumors as benign, other authors classify these tumors as benign 
or malignant in accordance with the generally accepted criteria of malig 
nancy Nomenclature differs according to the authority Recorded re 
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suits often do not indicate the extent of pathology encountered at 
operation These sources of confusion naturallj retard the development 
of a better understanding of thyroid cancer, its treatment and the prog 
nosis when a particular type of tumor is encountered in the clinic 
What progress has been made along these lines cannot be called satis 
factor) Optimism is inspired, however, by the increasing realization 
of the need for uniform methods of classification and of reporting 
results in terms of extent of involvement 

Because of the possibility of the development of pressure mam 
festations th) rotoxicosis and cancer m cases of non toxic nodular 
goiter, there is a decided trend toward the prompt removal of such 
tumors When the nodule is solitary and the patient >oung, the prob- 
ability of the ultimate development of carcinoma is now generally be 
lieved to be high enough to establish the necessity for the excision of 
the growth It seems likely that the number of such prophylactic 
operations will increase 

Much difference of opinion still exists as to the origin of lateral 
aberrant thyroids A number of authorities regard it as already es 
rablished that these tumors take rise from small neoplasms within the 
thyroid gland proper If this view prevails, then the treatment of lateral 
aberrant thyroid masses must include not only their excision but also 
exploration for the primary tumor and its removal This type of thyroid 
tumor is extremely radiosensitive and therefore operation for removal 
of the tumor masses is now commonly followed by intense irradiation 
therapy 

Radioactive iodine has been used in the treatment of cancer of the 
thyroid, and some of the early reports are encouraging In a number of 
patients, some benefit, however evanescent, has resulted from therapy 
with this new agent It is far too early to attempt to evaluate this form 
of treatment Several different isotopes, all radioactive, are becoming 
available in increasing quantities The long range effects of none of 
them have been investigated Each isotope affords a new method or 
system of methods of attack, differing according to the isotope with its 
own particular half life and intensity of effect Varying mixtures of 
different isotopes may offer possibilities still unsuspected 

The value of radioactive iodine in localizing functional metastases 
from cancer of the thyroid gland has already been demonstrated More 
accurate determination of prognosis in at least certain cases of thyroid 
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cancer should eventually be made possible Results obtained thus far 
with other isotopes (radioactne phosphorus, for instance) in the at 
tempted diagnosis of cancer wherever situated have met with some 
success, in a high percentage of cases, findings with the radioactive 
isotope technique corresponded with the clinical and pathologic find 
ings Radioactive iodine, therefore, is not the sole available radioactive 
material which may at some future time permit early diagnosis of 
thyroid cancer Indeed, it is not the only radioactive substance which 
may have value in the treatment of neoplasms of the thyroid gland 
Radioactive isotopes of bromine, another member of the halogen fam 
ily, may be found to have valuable therapeutic effects 

Of all the studies with radioactive iodine those in which the new 
isotopes have been used as tracers ha\e pro\ed the most profitable up 
to this time Basic knowledge concerning the metabolism of iodine 
and the nature of the thyroid functioning in health and disease from 
prenatal life to advanced age has been gained (page 177) These in 
vestigations are being extended to every conceivable phase of thyroid 
activity, and we must expect re\olutionary changes m present theories 
as to thyroid physiology and pathology, radioactne isotopes are more 
sensitive and much easier to use as indicators than deuterium and the 
heavier isotopes of carbon and nitrogen whose introduction into re 
search was speedily followed by radical alterations in our conceptions 
of the metabolic roles of fatty acids and ammo acids Other basic 
research is giving us new information concerning the chemical nature 
and physiological action of numerous different types of lodine-contain 
mg proteins, including both synthetic and naturally occurring mole 
cules These studies should aid in the solution of the great problem 
Does the thyroid gland of the thyrotoxic individual actually elaborate 
some definitely toxic substance — cytotoxic, cardiotoxic, or abnormally 
stimulating to special tissues, such as those of the liver, the adrenals, 
other endocrine glands, or the nenous system 5 The discovery of one 
or more toxic products (iodine containing or not) from the diseased 
thyroid gland would presumably be followed by the development of 
qualitatne and quantitative tests to promote the further impro\ement 
of diagnosis and therapy E\en negatne findings would be helpful 
more importance would have to be attached to other possible factors 
m the causation of (1) exophthalmic goiter, (2) toxic nodular goiter, 
and (3) thyroid crisis 
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It is both pertinent and interesting to note that, although the most 
serious phases of toxic goiter and its surgical treatment have been dealt 
with vet) successful!), nevertheless the basic causative factors in affec- 
tions of the th>roid remain undetermined It has not yet been estab 
hshed that the underljing pathology of exophthalmic goiter and toxic 
adenoma is one and the same, as man) investigators believe Indeed, 
the characteristically different response to iodine medication (pre 
operatively) in the two conditions is strong evidence against this 
hypothesis Another great problem is that of the variation among 
individuals in their response to thyrotoxicosis These are fascinating 
theoretical considerations but they are fundamentally practical also As 
soon as the basic researches now under way increase our understand 
mg of thyroid pathology and physiology, practical applications will 
be dcvi«ed Such confidence is fully justified, as the history of medical 
science has demonstrated a myriad fold in its progress through the 
ages 
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